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Studies on the flora of Northern South America—H* 


H. A. Gleason 
(with plate i) 

The stellate-tomentose species of Centropogon 

The genus Centropogon, as represented in northern South 
America, may be readily divided into a few sections which are 
at once recognizable by certain very obvious characters. Among 
these a group of tomentose forms is especially noteworthy because 
of the characteristic branched hairs, a feature rarely found 
elsewhere in the genus. In most species, these hairs closely 
resemble the well-known hairs of Verhascum Thapsus; in others, 
by shortening of the axis and reduction in the number of branches, 
they are reduced to small stellate structures, and in a few species 
simple hairs may be found among the branched. These typical 
hairs are regularly found on the young stems, petioles, and 
peduncles, and usually as well on the hypanthium and perianth, 
although in many species they are soon deciduous, leaving parts 
of the plant essentially glabrous. The flowers are always axil¬ 
lary, the peduncles arising from the axils of the upper leaves; 
the hypanthium is broadly hemispheric, occasionally varying to 
short-cylindric; the corolla is brightly colored, except where the 
surface is concealed by the indument, with a conspicuous tube 
and strongly decurved, falcate lobes; the two lower anthers are 
bearded; the fruit is a berry. 

The section is best represented in the mountains of Colombia 
and Ecuador, but extends from this center north into Central 
America, east into the Andes of Venezuela, and south into 
Bolivia. The species known to me may be distinguished by the 
following key. ;,' 

Contributions from the New York Botanical Garden—No. 263 

[The Bulletin for December ( 51 : 469'“5I2) was issued 17 January 1925] 
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A. Corolla tube stout and short, rarely twice as long as 
the lobes; anther-tube densely tomentose, long- 
exserted; sepals ample or foHaceous, exceeding the 
hypanthium, the sinuses narrower acute. 

Sepals ovate or ovate-lanceolate, serrate, broadest 


above the base. 

Anther-tube covered with tawny hairs. L 

Anther-tube covered with purple hairs. 2. 

Sepals narrowly triangular, serrate or entire, taper¬ 
ing regularly from the base to the apex. 

Corolla externally and lower leaf-surface thinly 
pubescent. $. 

Corolla externally and lower leaf-surface densely 
stellate-tonientose. 4. 


B. Corolla-tube slender and elongate, 2-5 times as 
long as the lobes; anther-tube pilose in the fissures 
to glabrous, the summit of the filaments little if 
any surpassing the longest corolla-lobes; sepals 
minute to foliaceous. 

Corolla-lobes triangular-falcate, less than twice as 
long as wide. 5. 

Corolla-lobes linear-falcate, usually 3-5 times as 
long as wide. 

'^'Sepals broad and flat, exceeding the 
hypanthium, contiguous or nearly so at 
base, separated by narrow, acute or 
barely rounded sinuses. 

Leaves cinerous on the veins beneath, nearly or 
quite glabrous above, even when young. 

Sepals black beneath the tomentum; leaves 
obtuse, rounded at the base. 6. 

Sepals green beneath the tomentum; leaves 
sharply acute. 

Sepals ovate, 7-8 mm. wide, broadly over¬ 
lapping; leaves obtuse at base, on petioles 
about I cm. long., , ' . 7. 

Sepals oblong, not over 4 mra. wide, not over¬ 
lapping; leaves acute at base. 

Sepals finely denticulate, broadest above 
the base. ■ 8. 

Sepals entire, tapering regularly from the 
. base.' , ■ ■' 9. 

Leaves ferruginous on the veins beneath, thick and 
' firm,' freely., stellate-pubescent '■'above /when ,■ 
young, somewhat so when mature; sepals 
thickly ferruginous-tomentose. ■■'/ 

..■Leaves',. of an ■ oblong'' type, broadest ..at' .or above 
A:■:.■'■ ■':Lhe.',.middle,'acute.at .base-, 

/'.'V'''''''^'''' 'Lea'ves^'Obtuse', 4'-5 '€m./wide.■ "/id. 


C. Mamlonis 
C. gloriostis 

C. Brittonianus 
C. magnificus 

C. uniumensis 


C, Hartwegi 

C. laiisepains 

C. Caoiilchouc 
C. aurantia'cus 
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Leaves acuminate, 2-3 cm. wide. ii. 

Leaves of an ovate t}'pe, broadest wel! below the 
middle, rounded at base, acute or sub- 
acuminate; sepals spreading or reflexed. 12. 
**Sepals triangular to linear, equaling or 
shorter than the hypanthium, 1.5-6 mm. 
long, (In case of doubt, species with 
more or less spreading and therefore con¬ 
spicuous sepals have been placed in the 
next division, and those with appressed 
inconspicuous sepals here,) (See also 

Sepals triangular, notably broadened to the base 
and therefore separated by acute sinuses; leaves 
distinctly rounded and obtuse at the apex. 13. 

Sepals linear, with flat sinuses. 

Leaves narrowly oblong to lanceolate or linear, 
rarely exceeding 2 cm. in width; sepals 
i~3 mm. long. 

Leaves densely ferruginous-tomentose be¬ 
neath, the actual surface virtually con¬ 
cealed. 

Peduncles 5-8 cm. long; upper corolla- 
lobes lo-12 mm. long. 14. 

Peduncles I-2 cm. long, much shorter 
than the subtending leaves; upper 
corolla-lobes 8 mm. long. X5. 

Leaves thinly tonientose to sparsely stellate 
beneath, the actual surface visible 
through the indument. 

Leaves acuminate at the apex. 

Blades lanceolate, about 4 times as 


long as wide. 16. 

Blades linear, about 8 times as long as 
wide, . 17. 

Leaves acute or obtuse. 

Filaments tomentose; leaves repand- 
denticulate, 18. 

Filaments glabrous; leaves merely cal¬ 
lous-denticulate. 19. 


Leaves of a broader type, regularly exceeding 2 
cm. in width. 

Serrations of the leaves 5-8 mm. long; blades 
ovate, acuminate, cuneate to a slender 
^ petiole. . 20. 

Serrations of the leaf minute. 

Sepals 5-6 mm. long; hypanthium mi¬ 
nutely wing-rangled. 


C. J'Ve^erbanen 

C. rufus 


C. ellipticus 


C. longifolim 

C. intonsus 

C. JahiiL 
C. lanceolatus 

C Jerrugineus 
C. harbatellm 

G. 'msiraUs.-' ' 
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Peduncles densely tomentose; petioles 
3“5 cm. long; leaf-blades elliptic or 
oblong, about twice as long as wide. 
Peduncles almost or quite glabrous; 
petioles I-c cm. long; leaf-blades 
broadly round-ovate. 

Sepals 1-3 mm. long; hypanthium densely 
tomentose. 

Leaves rounded or subcordate at base. 
Leaves narrowed to the base. 

Leaf-blades 5-8 cm. long, obtuse or 
subacute. 

Leaf-blades 15-20 cm. long, taper- 
ing regularly from the middle to 
both ends, 

linear, exceeding the hypanthium, 
(6-)7.5-30 mm. long. 

Sepals less than 10 mm. long. 

Corolla at least 40 mm. long over all. 

Leaves obtuse or rounded; stem very densely 
rough-tomentose. 

Leaves obovate, 6-10 cm. long; corolla 
densely tomentose externally. 

LeaA’es elliptic, less than 4 cm, long; cor¬ 
olla sparsely stellate-pubescent exter¬ 
nally. 

Leaves acute to subacuminate, ample; stem 
closely tomentose. 

Corolla 25-30 mm. long over all. 

Sepals densely stellate-tomentose, the surface 
hidden, entire or wdth i or 2 low teeth 
only; leaves narrowed to the base. 
Leaves acute, about twice as long as wide. 
Leaves obtuse or subacute, 3-4 times as 
long as wide. 

Sepals thinly stellate-pubescent, the surface 
\dsible. 

Leaves elliptic, cuneate or subacuminate 
to the base.’ ■ 

Leaves oblong, obtuse to rounded at the 
base. 

Sepals entire; hairs of the peduncle 
2 mm. long. 

Sepals prominently and saiiently 
toothed; hairs on the peduncle 
less than i mm. long. 

Leaves oblong-ovate, broadest be¬ 
low the middle, long-acuminate. 


2i» C. foliostis 

22. C. aiakis 


23. C. subcordatus 

24. C.sahiaeformis 

25. C. nervosus 


26. C. comosus 

27. C. kirsutus 

28. C, cineretis 


29. C. suberianihus 

30. C. Lindenianus 

31. C, licayexists 

32. C, occtilkis 

33. C. 'Preslii , 
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Leaves oblong-obovate, broadest 
above the middle, acute. 

Sepals more than 10 mm. long. 

Sepals densely ferruginous, more or less involute. 

Leaves prominently serrate, about 3-4 times 
as long as wide, not more than 10 cm. long, 
rounded to broadly obtuse at base. 

Leaves minutely denticulate, about twice as 
long as wide, 12-18 cm. long, acute at base. 

Sepals Hat. 

Veins almost completely obscured on the 
lower leaf-surface by the dense tomentum. 

Veins prominent on the lower leaf-surface, 
merely marked by tomentum. 

Sepals 12-15 mm. long; leaves elliptlc- 
rhomboidj cuneate from above the 
middle to the base. 

Sepals 25-30 mm. long; leaves oblong, 
rounded at the base. 


34. C. Featherstomi 


35. C. erianthus 

36. C. pichinchensis 


37. C. verbasdfoUus 


38. C. Macbridei 

39. C. perlongus 


I. Centropogon Mandonis Zahlbr. Ann. Naturh. 
Hofmus. Wien 6: 438. 1891. 

Mandon 4^4, Prov. Larecaja, Bolivia. 

2. Centropogon gloriosus (Britton) Zahlbr. Bull. Torrey 

Club 24 : 373, 1897. 

Siphocampylus gloriosus Britton, Bull. Torrey Club 19 :373. 1892. 

Rusby 647 (type), Unduavi, Bolivia; Rushy 643, Sorata, Bo¬ 
livia; Bang 2620 {Bolivia); Buchiieft 471 (Herb. N. Y. Bot. 
GardOj Unduavi; Buchtien 735, Vndnavv.Buchtien 736 (National 
Herb.), Unduavi. 

3. Centropogon Brittonianus Zalbr. Bull. Torrey Club 24 : 

373 - 1897. 

Siphocampylus gigankus latifoUus Britton, Bull. Torrey Club 

19:373. 1892. 

Rusby 638 (type), Unduavi, Bolivia; Bang ^738; Yungas, 
Bolivia; Buchiien, Vndnavi; Buchtien 471 (Gray,Herb.), Un-' 
duavipBwc:/i.li£:» 7 j< 5 '(Herb.,N. Y, Bot.,'Card.,'National.Herb.), 
Unduavi, ,■ 

4. Centropogon magnificus 'Zahlbr. & Rech. 'Med. .'/ 

Herb. 13 : 50. 1913. 

', Steinbdch yoiif Dept,,Cochabamba, Bolivia. 
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5. Centropogon unduavensis (Britton) Zahlbr. Bull Torrey 

Club 24: 374. 1897. 

SipiWcampylus' unduavensis Britton, Bull. Torrey Club 19: 373. 

1892. 

Rtisby 64g (type), Unduavi, Bolivia; Buchtien 128, 733, 3016, 
Unduavi. 

6 . Centropogon Hartwegi (Benth.) Bentli. & Hook, f.; 

B. D. Jackson, Ind. Kew. 4: 1274. 1895. 

SipJiocampylus Hartwegi Benth. PL Hartw, 139. 1844. 

Hartweg 777 (type), Loxa, Ecuador. 

7. Centropogon latisepalus n. sp. 

Stem apparently shrubby, strongly angled and^ flattened, 
densel}^^ cinereoufe-tomentose when young, becoming thinly 
tomentose 3 din. from the summit; internodes 15--20 mm. long; 
petioles stout, 8-10 mm. long, tomentose Hke the stem; leaf- 
blades spreading, thin and membranous, broadly elliptic-oblong, 
8-11 cm. long, 4.5-5 cm. wide, the uppermost a trMe smaller, 
sharply acute or subacuminate, minutely denticulate with low, 
salient, callous, triangular teeth (6-*7 teeth per cm. of margin, 
0.2 mill, high), broadly cuneate or obtuse at base, above very 
thinly stellate-pubescent on the surface, or glabrous witin age, 
densely brown-stellate along the midvein and lower portion of 
the laterals, beneath softly and thinly stellate on the surface and 
densely so on the principal veins with cinereous tomentum; 
iateral veins 15-18 pairs, broadly ascending, conspicuously 
arcuate; peduncles axillary, ascending, stout, 7-8 cm. long, 
densely cinereous-tomentose, subulate-bracteolate near the base; 
hypanthium broadly depressed-hemispheric, 8 mm. high, 12 
mm. wide when pressed, closely but densely cinereous-tomentose; 
sepals erect, foliaceous, ovate-elliptic or ovate, 18 mm. long, 
7-8 mm. wide, broadly overlapping, short-acuminate, thinly 
stellate on the back, inconspicuously reticulate, the exposed 
margin denticulate like the leaves, the concealed margin sub¬ 
entire; sinuses narrow, acute;'corolla red, .cinereous-stellate or 
subtomentose, the tube 40 mm. long, the lobes linear-falcate, 
strongly decurved, the upper about 9 mm., the lateral about 6, 
the lower'4 mm.,long; filaments- thinly pilos'e,'exserted 
anther-tube 7 mm. long, strongly hirsute on the connectives on 
the distal half, the two lower anthers bearded. 

' Type: Fittier^ Tjpv'collected 'Dec. 1905, Cuesti de Tocoti, 
road from'- Buenaventura to'Cali, Dept. El Valle., Colombia^ 
'.altitude 1500-1900 m., and d'feposited in the herbarium of-the 
, New-' .York' Botanical Garden. ■ . 
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8 . Centropogon Caoutchouc (H.B.K.) n. comb. 

Lobelia Caoutchcuc H.B.K. Nov. Gen. & Sp. 3: 304. 1818. 

Centropogon luieus Wimmer, Repert Spec. Nov. 19: 247. 1924. 

Hiimholdt Sf Bonpland (type), Popayan Andes; Gmidoi; 
Linden ioj 2 (type of C. hiteus Wimmer), Qiiindio; Pennell 
near Salento, Dept. Caldas, alt. 2100-2500 m., 25-31 July 1922; 
Killip cf Ilazen gs 6 i, between Rio Toche and ^^Machin/^ Old 
Quindio Trail, Dept. Tolima, alt. 2000-2500 m., 3 Aug. 1922. 

9. Centropogon aurantiacus n. sp. 

Stem shrubby, closely stellate-tomentose above, becoming 
glabrous 3 dm. from the summit, internodes 2-5 cm, long; 
petioles slender, 10-13 mm. long, thinly tomentose; leaf-blades 
firm, elliptic, the largest 85 mm. long, 35 mm. wide, sharply 
acute or abruptly short-acuminate, obtuse or rounded at the base, 
subentire or minutely denticulate with low, black, callous, salient 
teeth (about 6 teeth per cm. of margin, 0.3 mm. high), the upper 
surface thinly and minutely stellate, with inconspicuous veins, 
the lower surface thinly but conspicuously stellate and densely 
cinereous-tomentose on the prominently reticulate veins; lateral 
veins about 10 pairs, strongly ascending; peduncles axillary, 
5-6 cm. long, equaling the subtending leaves, thinly steilate- 
tomentose; hypanthium hemispheric, 8 mm. long, 13 mm. wide 
when pressed, lo-ribbed, closely and densely ferruginous-to- 
mentose; sepals erect, linear, 17 mm, long, 2 mm. wide, tapering 
re^larly to the tip, entire, i-nerved, inconspicuously reticulate, 
thinly stellate, especially at the margin, separated by broadly 
rounded sinuses 2 mm. wide; corolla orange-red, thinly stellate, 
the tube 30 mm. long, the lobes strongly falcate and decurved, 
the upper 9 mm. long, the lateral and lower much shorter; 
filaments exserted 5 mm., thinly hirsute; anther-tube 7 mm. 
long, densely hirsute on the connectives, the two lower anthers 
bearded. 

TYmy Killip' &' Hmen q62j\ collected 3 Aug. 1922, between 
E! Eden and' “ La Palmilla,” 'Old Quindio Trail, Dept. Tolima, 
Colombia, altitude 1800-2300 m., and deposited in the herbarium 
of the New York' Botanical Garden. Other collections are 
Spmce 5jp6, Ecuador, and Heilborn 453 1 Ganietas, Ecuador./ 

10. Centropogon Mvus n. sp. 

Stem shrubby, climbing, strongly angled and flattened aboye, 
closely 'brown''stellate-tomentose when young, 'glabre'scent in 
age, '.the internodes 15-20,mm, long; pet,ioleS' stout,' 
tomentose'''''like,,'the.^ leaf-blades firm, narrowly elliptic- 
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obovate to elliptic-oblong, broadest at or above the middle, the 
largest 5 by 14 cm., the upper gradually reduced, obtuse, or round¬ 
ed and minutely apiculate, finely denticulate (about 8 teetli per 
cm. of margin) with low,black, callous, triangular, salient teeth 0.3 
mm. long and not surpassing the tomentuni, cuneate or subacute 
at base, upper surface dull green with prominently impressed 
veins, thinly ferruginous-stellate when young, glabrous at 
maturity, the mid-vein and lower part of the laterals permanently 
and densely tonientose, lower surface closely ferruginous-to- 
mentose, especially on the veins; lateral veins 16-22 pairs, arcu- 
ateiy ascending, the veinlets conspicuously reticulate; peduncles 
axillar^L slender, 7-8 cm. long, shorter than the subtending leaves, 
strongly angled, tomentose like the stem; hypanthium broadly 
hemispheric, strongly ribbed, 7 mm. high. 14 mm. wide when 
pressed, densely tomentose; sepals erect, elliptic-oblong, 11-14 
mm. long, 4-5 mm. wide, acute, tapering to a base 2 mm. wide, 
with about 6 black callous teeth on each side, densely and closely 
tonientose within and without, separated by narrow rounded 
sinuses; corolla purple-red, densely tomentose with orange- 
colored stellate hairs, the tube 30 mm. long, the lobes narrowly 
triangular-falcate and decurved, the upper 9 mm. long, the 
lower much shorter; filaments villous, especially on the ventral 
side, not exserted; anther-tube 8 mm. long, densely hirsute on the 
fissures distally with orange-colored hairs, the two lower anthers 
bearded. 

Type: Pennell Killip 7382, collected 28 June 1922, at 
^^San Jose,” San Antonio, Dept. El Cauca, altitude 2400-2700 
m., and deposited in the herbarium of the New York Botanical 
Garden. 

11. Centropogon Weberbaueri Zalilbr. Bot Jahrb. 37 : 453. 

1906. 

Weherbamr 3247 (type, not 3347^ as cited by Zalilbr.)^ 
Huamalies, Peru, 

12. Centropogon rufus Wimmer, Repert. Spec. Nov. 19 : 

249. 1924. 

Machride 4473, Tambo de Vaca, Peru. 

Centropogon ellipticiis n. sp. 

Stem herbaceous, strongly angled and flattened above, 
[densel^^: tomentose when young with dark .brown;' stellate hairs, 
becoming glabrous 3-4 dm. from the summit, the internodes 2-3 
cniv long; petioles, stout, '8-12 mm.long, tomentose like the stem 
" lea,f-blades firm, elliptic,^ the largest 12 cm., long; 4,5 ■cm.,vvid:e,, 
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rounded at the apex, entire or with minute black intramarginal 
teeth, rounded to broadly obtuse at base, thinly stellate above 
when young with dark brown hairs, glabrescent at maturity on 
the surface, persistently tomentose on the midvein and base of 
the lateral veins, thinly tomentose beneath on the surface and 
densely so on the veins with ferruginous branched hairs; lateral 
veins about 16 pairs, slightly arcuate, ascending, veinlets in¬ 
conspicuously reticulate; peduncles axillar>L stout, ascending or 
nodding at the tip, 6-j cm. long, shorter than the subtending 
leaves, tomentose like the stem; hypanthium broadly hemi¬ 
spheric, 7-8 mm. high, 12 mm. broad when pressed, conspicuously 
ribbed, densely stellate-tomentose; sepals erect, broadly tri¬ 
angular with concave sides, 3-4 mm. long and wide, densely 
tomentose; corolla orange, the lobes yellow within, thinly 
stellate-tomentose, the tube 23 mm. long, the upper lobes 9 mm., 
the lower 5 mm, long; filaments glabrous, exserted 5 mm.; 
anther-tube 6 mm. long, glabrous, the two lower anthers bearded, 

TYm: Pennell 2486, collected 13-15 Oct. 1917, near Sibate, 
Dept, Cundinamarca, Colombia, altitude 2900-3000 m., and 
deposited in the herbarium of the New York Botanical Garden. 
Other collections are Holton, Bogota; Pennell 241Q, El Penon, 
near Sibate, 13 Oct, 1917; Pennell 9232, “Pinares” above 
Salento, Dept. Caldas, alt, 2600-2900 m., 2~io Aug. 1922; and 
Killip & Bro. Arisie-Jcseph 11,941, Paramo de Choachi, near 
Bogota, 3700 m., 8 Aug. 1922. 

14. Centropogon longifolixjs Wimmer, Repert. Spec. Nov. 

19 : 246. 1924. 

Siphocampylus barbatus Benth. PL Hartw. 139, 1844. 

Matthews 1186 (type), Huanacabra, Peru; Jameson 18; 
Hitchcock 21,616, Prov. Azuay, Ecuador; Macbride 4445, Tambo 
de Vaca, Peru; Hartweg 778 (type of 5 . barbatus Benth.), Loxa, 
Ecuador, 

15. Centropogon intonsus n, sp. 

Stems woody, hollow, strongly angled and more or less com¬ 
pressed above, densely and coarsely ferruginous-tomentose when 
young, glabrous in age, the internodes very short; petioles stout, 
4 mm. long, tomentose like the stem; leaf-blades narrowly oblong, 
thick and firm, 30-55 mm. long, 7-14 mm, wide, acute at both 
ends, denticulate with black, callous, barely salient, mostly 
intramarginal teeth, the upper surface rugulose, dull green, thinly 
fulvous-stellate, particularly at the margin, with deeply impressed 
veins,' the. lower surface, densely and; persistently'ierrugmoiis- 
tomentose, especially on the 8-12 pairs of arcuately ascending 
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lateral veins; peduncles axillary, slender, 1-2 cm, long, much 
shorter than the subtending leav^es, pubescent like the stem; 
liypantiiiiim urceolate-hemispheric, 3 mm. high, 5 111m. wide 
when pressed, densely tomentose; sepals broadly triangular, 
I mm. long and wide, mucronate, entire, densely tomentose, 
separated by broad flat sinuses; corolla red, thickly ferruginous-* 
stellate, the tube 28 mm. long, the lobes linear-falcate, deciuwed, 
the. upper 8 mm. long, the lower shorter; filaments exserted about 
7 mni., rather densely villous with short white hairs; anther-tube 
5 mm. long, sparsely pilose with short pale hairs, the two lower 
anthers conspicuously bearded. 

Type: Rose, Pachano & Rose collected 28 Sep. 1918, 

near Las Juntas, Ecuador, and deposited in the United States 
National Herbarium. 

16. Centropogon Jahnii n. sp. 

Stems apparently herbaceous, strongly angled and flattened, 
thinly stellate above, soon becoming glabrous, the iiiternodes 
about I cm. long; petioles slender, i cm. long, thickly stellate 
dorsally; leaf-blades thin, dull green, lanceolate, 6-8 cm. long, 
15-22 mm. wide, gradually tapering to a sharply acute or sub¬ 
acuminate tip, acute or subcuneate at base, finely and sharply 
serrulate, the serrations tipped with black, callous teeth, some¬ 
what roughened above with thin stellate pubescence, particularly 
on the veins, sparsely stellate beneath; lateral veins faint, ir¬ 
regularly ascending, about 12 pairs, the veinlets reticulate; 
peduncles axillar^^ slender, 5-6 cm. long, sparsely stellate below, 
nearly glabrous above; hypanthium depressed-hemispheric, 4 
mm. long, 7 mm. wide when pressed, thinly stellate; sepals erect, 
appressed, triangular, 1.5-2 mm. long, acute, entire, sparsely 
stellate, separated by broad flat sinuses; corolla red, tipped, with 
yellow, very sparsely stellate, the tube 35 mm. long, the lobes 
linear-falcate, decuiwed, the upper 8 mm. long, the lower shorter; 
filaments exserted 3 mm., minutely villous; anther-tube 7 mm. 
long, sparsely pilose with long white hairs, the two lower anthers 
bearded. 

Type: Jahn pig, collected 21 Jan. 1922, on the,Paramo,de 
Canagua, MSrida, Venezuela, altitude 2500,m.,,' and deposited, 
in the United States National 'Herbarium. A second Collection 
pid, of the same,place-and date. , ' ' 

17. Centro,pogon lanceolatuS: Wimmer, Report.'.Spec. Nov. 

■ 19 : 2'45. .■ ■ 1924; 

; /ate, J025', P&ramo de, Aricagua, M 6 rida, Venezuela.' .' ' , 
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i8. Centropogon ferrugineus (Li.) n. comb. 

LobeMa ferruginea hS. Suppi. 394. 1781. 

Lobelia barbata Cav. Icon. 61 12. pL 519. 1801. 

Sipkocampyliis ferrugmeus G. Don, Gen. Syst. 3 : 701. 1834. 

Siphocampylus barbatus G. Don, Lc. 1834. 

Centropogcn barbatus Planch. Flore Serres 6: 16. 1850*" 1851* 

Colombia, without detail of locality: Bonpland, Triana 1574, 
1575^ Dawe 347; vicinity of Bogota; Ariste-Joseph, HoUon 407, 
Parseml-GrandniaisGn, Andre 721, Purdie, Triana 6g; PcU'amo 
Oniiza: Purdie^ Guasca: Ariste-Joseph; Dept. Caldas: Dawe 
74 S; Dept. Cundinamarca: Pennell IQ33. 

Centropogon fermgineus parvMorus (Zahlbr.) n. comb. 
Ceniropogon barbatus parvifiorus Zahlbr. Ann. Natiirh. Hofmus. 

Wien 6: 436. 1891. 

AndH 4004, Ecuador; Heilborn 713, Ecuador. 

19. Centropogon barbatellus n. sp. 

Stems woody, possibly climbing, strongly grooved, densely 
stellate above with pale brown tomentum, becoming glabrous 
3-4 dm. from'the summit, the internodes 5-10 mm. long; petioles 
stout, 5-8 mm. long, densel}^ stellate-tomentose; leaf-blades thin, 
narrow^ oblong or elliptic-oblong, 4-'8 cm. long, 1-2.5 "^"^dde, 

acute or siibacumiiiate, obtuse to broadly acuminate at the base, 
minutely denticulate with low, broadly triangular, salient, callous 
teeth (about 5 teeth per cm. of margin, 0.4 iniii. high), varying 
to entire, thinly stellate above when young, particularly along 
the plane midvein, becoming glabrous at maturity, periiianently 
stellate beneath with cinereous hairs, especially along* the \xdns; 
lateral veins about 12 pairs, arcuately ascending, hardly ap¬ 
parent above, the veinlets obscure; peduncles axillary, slender, 
25-40 mill.'long, exceeding the subtending leaves, tliiiiiy stellate- 
tomentose; liy pan thiiiin broadly hemispheric, 5 mm, high,'8 mm. 
■wide''when pressed,' densely and' closely, stellate-tomentose; 
aepals erect, narrowly triangular, 3 mm, long, i mm. wide at the 
base, entire, thinly tomentose, separated by broad'flat sinuses; 
corolla red without,,yellow within, thinly and sparsely stellate,' 
the tube 25 mm. long, the.lobes.naiTowly'falcate and depressed,' 
the upper 7 mm., the m'iddle 5" mm., the lower','4' mm.'long; 
filaments exserted,about lO'mm., 'glabrous; anther-tube nearly 
'Straight,'black,,glabrous,'the. two'lower anthers stro'nglybeardecb 
''' T^m: Pennell31 IS, collected 15-17 Dec.' 1917^ at'^^^'Rosalito,*'' 
near'Piramo de 'Ruiz, Dept.,Tolima,"Colombia,;altitude 290^0- 
3200'm.',;;.and''deposi'ted, ,in the herbarium of the New York 
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Botanical Garden. Other collectionwS are Triana 1577 ^ Schlim 
420; and Pennell ^‘Pinares*' above SalentOy Dept. Caldas^ 
alt. 2600-2900 m,, 2-10 Aug. 1922. 

20. Centropogon australis (Wiiiiiiier).n. comb. 
Centfopogon grandidentatus australis Wimmerj Report. Spec. 

Nov. 19 : 245. 1924. 

Funcke 1062 (type), Venezuela; Linden 404, Venezuela. The 
similarity in leaf-form between this .species and C. grandiden^ 
tatm (Schleclit.) Zahlbr. is striking, but the Mexican species is 
not stellate-pubescent. 

21. Centropogon foliosus Rusby, Descr. S. Am. PL 146. 1920. 

Smith 1383 (type), Santa Marta, Colombia. 

22. Centropogon alatus n. sp. 

Stems strongly angled and more or less flattened, thinly 
stellate above, soon becoming glabrous, the interiiodes 5-20 mm. 
long; petioles slender, strongly flattened, dilated at the base, 
thinly stellate, 1-2 cm. long; leaf-blades broadly round-ovate, 
thin, 5-7 cm. long, 3.5-5 cm. wide, subacuminate to a rounded 
and mucronate tip, broadly rounded below to an abruptly 
ciineate base, sharply and prominently spinulose-denticulate 
(5 or 6 teeth per cm. of margin, 0.5 mm. long), upper surface 
dark green, thinly pubescent with scattered, simple or sparingly 
branched hairs, lower surface thinly stellate with cinereous hairs; 
lateral veins 8~i2 pairs, spreading almost at right angles, crooked, 
irregularly arcuate, the veinlets reticulate; peduncles axillary, 
slender, 5-6 cm. long, almost glabrous, bibracteolate near the 
base; hypantliium broadly hemispheric, 5 mm, high, 9 mm. 
wide when pressed, thinly stellate, narrowly lo-winged; sepals 
triangular, dilated at base, 5 mm. long, 2 ram. wide, acute, 
with I or 2 prominent teeth, thinly stellate; corolla red, the tube 
30-35 mm. long, almost glabrous, the lobes linear-falcate, 
strongly decurved, the upper 10 mm., the lower 8 mm. long; 
filaments barely exserted, sparsely.pubescent; anther-tube:8 mm. 
the two lower anthers bearded. 

.Type: JaJm 1026, collected 31 Mar, 1922:, on'the,P 4 ramo de 
Aricagiia, M6rida, Venezuela, altitude 2000 m., and' deposited 
in tliC'United States National Herbarium. ' 

, 23,, Centropogon; subcorbatus Zahlbr. ■ Repert. Spec. Nov. 

14 : 140. 1915, 

' Sedira 'gi/4Xtw^) y Palmira, EcueLdor; Jameson 102 ; Pennell 
m.,468, Gerro,' Tatama,'''"Dept..; Caldas,'' Colombia, '.aooo-*; 
3000 m.:; Macbride 2i0:,^HuanucO',„Peru,.,',', 
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24, Centropogon salviaeformis Zahlbr. Repert. Spec. Nov» 

14 ‘, 138. 1915. 

Sodifo gijs (type), Cavaron, Ecuador; Heilborn 45J, Ecuador* 

25. Centropogon nervosus Wimmer, n. sp. 

Stem shrubby, strongly angled and flattened above, thinly 
stellate-tomentose with cinereous hairs, soon glabrescent, the 
internodes 5“io mm. long; petioles slender, 15-25 mm. long, 
pubescent like the stem, eventually becoming glabrous; leaf- 
blades thin, elliptic-rhomboid, broadest near the middle, 21 cm. 
long, 7 cm. wide, the upper gradually reduced, tapering regularly 
to an acute or siibacuminate apex, cuneate to the base, sharply 
and minutely denticulate (about 8 teeth per cm. of margin) 
with black, callous, salient teeth 0.2-0.3 mm. long, both surfaces 
thinly stellate with cinereous hairs, more densely along the 
veins; lateral veins numerous, 4-5 mm. apart, almost straight, 
ascending at an angle of 70*^, the veinlets finely reticulate; 
peduncles axillary, stout, 4-5 cm. long, densely cinereous-to¬ 
mentose; hypanthium broadly hemispheric, 4 mm. high, 7 mm. 
wide when pressed, densely cinereous-tomentose; sepals erect or 
appressed, narrowly triangular, 3 mm. long, 1.5 mm. wide, 
acute, entire, thinly stellate, the sinuses broad and flat; corolla 
red, densely tomentose, the distal portion and anthers lacking. 

Type: Cook & Gilbert 1347^ collected 19 June 1915, in the 
Lucomayo Valley, Peru, altitude 1800-3600 m., and deposited 
in the United States National Herbarium. 

Strongly suggestive of C.foUosus Rusby in its leaf-form, and 
of C. verbascifolius (Presl) Gleason and C, Macbridd Gleason in 
its venation, but differing from both in the short sepals. The 
species was first recognized as distinct by Wimmer, who ex¬ 
amined the. type specimen and suggested the name; the de¬ 
scription above is my own. 

26. Centropogon comosus n. sp. 

Stem shrubby, strongly angled and somewhat flattened, 
densely and coarsely cinereous-tomentose with stellate hairs 
above, somewhat smoother below, the internodes about i cm. 
long; petioles stout, 15-30 mm. long, tomentose like the stem; 
leaf-blades thick and firm, elliptic-obovate, the largest 9 cm. 
long and 5 cm. wide, the upper somewhat reduced, rounded to 
broadly obtuse and sometimes minutely apiculate at the apex, 
broadest near the middle or somewhat above it, subcuneate to 
an obtuse base, entire or minutely, denticulate'with barely,salient 
teeth" '..(abotit .6, .teeth per'cm. ■ of,'margin, o.2.(:mm..' ',long), but' 
, apparently' "ciliate by the projecting tomentum, the upper 
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Side dull green, slightly rugose, and permanently scal:)rellate 
with stellate hairs, especially along the.midvein, the lower side 
roughly and densely tomentose with cinereous branched hairs, 
especially along the veins; lateral veins 10-14 pairs, widely 
divergent, barely arcuate, somewhat impressed above, strongly 
elevated beneath, the veinlets reticulate; peduncles axillary, 
stout, ascending, 6-8 cm. long, tomentose like the stem; liypaii- 
thium broadly hemispheric, 6 mm. high, 12 mm. broad when 
pressed, densely and coarsely stellate-tomentose; sepals linear, 
erect, 9 mm. long, entire, densely stellate-tomentose, separated 
by broadly rounded sinuses; corolla probably red, but the surface 
entirely concealed by heavy, coarse, rough, brown, stellate 
tomentum, the tube 38 mm. long, the lobes narrowly linear- 
falcate, strongly decurved, the upper 10 mm. long, the lower 
shorter; filaments sparsely villous, exserted 5-7 mm.: anther- 
tube 8-9 inm, long, sparse!}^ pilose with a few long hairs 111 tlie 
fissures, especially dorsally, the two lower anthers bearded. 

Type: Hitchcock 21 , 545 , collected 7 Sep. 1923, between San 
Lucas and Ona, province of Loja, Ecuador, altitude 2200-3100 
m., and deposited in the herbarium of the New York Botanical 
Garden. Another collection is Rose, Pachano & Rose 23,151, 
from Zaragura, Ecuador. 

27. Centropogon Mrsutus n. sp. 

Stems apparently shrubby, densely stellate-tomentose above 
with dark brown hairs, the upper internodes 1-2 cm. long; 
petioles stout, 4-8 mm. long, tomentose like the stem; leaf- 
blades firm, dark green, broadly elliptic, 3-3.5 cm. long, 13-18 
mm. wide, broadest about the middle, broadly rounded and 
callous-apiculate at the apex, rounded, or broadly obtuse at 
base, remotely and minutely denticulate with black cailous 
teeth (about 5 teeth per cm. of margin, 0.2-0.3 mm, high), 
thinly stellate on the mid vein above when young, glabrous' on 
the surface, beneath pale green, the prominently reticulate 
veins mostly concealed by the persistent, somewhat floccose, 
dark brown, stellate tomentum; peduncles axillary, stout, erect, 
6-7 cm. long,, twice as long as the- subtending leaves, densely 
brown-tomentose; hypanthium deeply hemispheric, ,7 mm. high, 
9 mm,., .wide when pressed, obscurdy angled, 'densely brown- 
tomentose,; sepals erect or'somewhat spreading, linear, 7-8 mm. 
long, acuminate .'to' a black oallous -tip, .remotely ca-llous~denticii- 
- late 7 thinly -and'.irregularly stellate; corolla red, ,-Sparsely and 
, thinly stellate, 'the'; tube-.30 mm-.'.long, lo-mm.wide at-.the throat, 

: - the' lobes, I,in,ear-falcate',,, " strongly .''-decurved,' the' u'pp'er ' 13 mm,, 
■'.'the lower it ram.,long;:-filaments",'barely.exceeding the corolla, 
nearly glabrous; anther-tube''8 mrn. dong,''somewhat, pubescent 
at, the:-base, the, two - lower anthers-- bearded., 
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TypEj Daii)ej43y collected 1918? Dept. Caldas, Colombia, and 
deposited in the herbarium of the New York Botanical Garden. 

28. Ceatropogon cinereus n. sp. 

Stems shrubby, climbing, channelled above and densely 
pubescent with ferruginous branched hairs, becoming terete and 
glabrous with age; internodes elongating to 2-3 cm. long; petioles 
slender, flattened, densely tomentose, 15-30 mm. long; blades 
thin, broadly elliptic, the largest 18 cm. long by 9 cm. wide, 
the upper smaller, seldom exceeding 10 cm. long by 5 cm. wide 
on the terminal two decimeters of stem, sharply acute or sub- 
acuminate, minutely denticulate (7-9 teeth per cm. of margin) 
with low (0.5 mm.), black, callous, salient, sharply triangular 
teeth, broadly cuneate at base, upper surface dull green, fer- 
rugirioiis with stellate hairs when young, becoming glabrous on 
the surface at maturity, tardily glabrescent on the midvein, 
lower surface stellate-tomentulose on the surface, stellate-to- 
mentose on the principal veins; lateral veins i6'-20 on each side, 
prominent beneath, lightly impressed above, ascending and 
gently arcuate; peduncles from the upper axils, 1-2 cm. long, 
slender, densely ferruginous-tomentose; hypanthiiim broadly 
hemispheric, 5 mm. high, 8 mm. wide when pressed, densely 
ferruginous-tomentose; sepals erect, linear, 7-8 mm. long, entire, 
thinly tomentose, separated by flat sinuses wider than the 
sepals; corolla red, ferruginous-tomentulose, the tube 35 mm. 
long, the upper lobes about 12 mm. long, the laterals about 6, 
the lower about 4; filament-tube exserted about 9 mm., thinly 
pubescent; anther-tube 8 mm. long, strongly pilose on the 
fissures distally, the two lower anthers bearded. 

Type: Pennell 10,724, collected 18-19 Sep. 1922 at ''Buenos 
Aires/’ north of Supia, Dept. Caldas, Colombia, altitude 2000-” 
2300 m., and deposited .in the herbarium of the New York 
Botanical Garden. Other examples, are Pennell 10,743 same 
date and locality, Triana 84, Quindio; Jermse without number, 
Quindio. 

29. ' Centropogon SUBEEIANTHUS Zahlbr, Repert. Spec. Nov. 

14 ; 134. 1915- 

LeJmann 5§32 (type), Popayan Andes, Colombia* 

30. 'Gentropogo.n. Lindenianus Wimmer,, Repert, Spec. Nov. 

19 : 246. ' 1924. 

' 'J2I2 , (type),mear Bogota,.'Colombia; Linden 837; 

■Jameson '36, 144; Pennell 7o8g, ''Pa!etara'^l:To;.ty;Cala^ala,^ 
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Dept. El Cauca, Colombia, ait. 3000-3200 ni., 17 June 1922; 
Pennell 9375f “Alaska"’ above Salento, Dept. Caldas, Colombia, 
alt. 3100-3700 m., 7 Aug. 1922. 

31. Centropogon iicayensis n. sp. 

Stem apparently shrubby, densely gray-brown stellate- 
tomentose above, glabrescent with age, the floriferotis internodes 
much abbreviated; petioles slender, 12-14 mm, long, densely 
and closely tomentose; blades broadly elliptic, thin and mem¬ 
branous, 8-11 cm. long, 4-5.5 cm. wide, broadest near the 
middle, sharply acute at the apex, cuneate or subacuminate 
at the base, minutely but prominently denticulate with black, 
callous, salient teeth (5-8 teeth per cm. of margin, 0.5 mm. long 
or less), thinly stellate on the surface, densely so on the midveiii 
above, thinly stellate on the surface, densely so on the midvein 
and laterals beneath; peduncles axillary, 2-3 cm. long, densely 
cinereous-tomentose; hypanthium hemispheric, 5 mm. high, 
7 mm. wide when pressed, densely cmereous-tomentose; sepals 
erect, narrowly linear, 8 mm. long, densely stellate, rarely with 
I or 2 callous teeth, the sinuses broadly rounded, wider than the 
sepals; corolla red, the tube 23 mm. long, rather densely stellate, 
the lobes linear-falcate, strongly decurved, the upper about 12 
mm. long, the lower much shorter; filaments conspicuously and 
softly villous; anther-tube 6-7 mm. long, sparsely pilose in the 
fissures, the two lower anthers penicillate. 

TY'P'EiRose & Rose 23,837, collected 28 Aug. 1918, at Huigra, 
Ecuador, on the Hacienda de Licay, and deposited in the 
United States National Herbarium. 

32. Centropogon occultus n. sp. 

Stems woody, probably climbing, densely shaggy with dark 
brown branched hairs when young, becoming glabrous with age, 
strongly flattened, the floriferous internodes lo rum, long, later 
elongating to 5 cm.; petioles stout, 7 mm. long, densely sliaggy; 
leaf-blades firm, oblong, 8-10 cm. long, 3-3.5 cm. wide, broadest 
near the middle, acute^, broadly obtuse to rounded at the base, 
indistinctly repand, minutely and remotely callous-denticulate, 
the teeth mostly hidden -within the projecting tomentum, upper 
surface rough with mostly simple, straight, deciduous hairs as 
much as i, miUvlong, lower surface.'at first densely shaggy; with 
dull brown branched hairs, later becoming merely thinly stellate, 
except along the’ midvein ; lateral veins 5-10 mm. apart , faintly 
'impressed' above,'prominently'elevated and almost superficial 
beneath, crooked, irregularly''ascending, the veinlets reticulate; 
peduncles, axillary,^ 5 cm. long, densely shaggy with .brown hairs; 
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liypantiiium deeply hemispheric, 8 mm. high, 9 mm. wide when 
pressed, prominently angled, densely brown-tomentose; sepals 
erect, linear, 7 mm. long, thin and fiat, densely beset with long 
brown branched hairs, the sinuses flat, much wider than the 
sepals; corolla thinly pubescent with long branched hairs, red, 
the tube 23 mm. long, 8 mm. wide at the throat, upper lobes 
about 10 mm., the lower about 4 mm. long; filaments exserted 
8 mm., glabrous; anther-tube 7 mm. long, thinly hirsute dorsaily 
toward the summit; fruit a densely tomentose dry berry. 

Type: Rose, Pachano & Rose 23,^45 collected 28 Sep. 1918, 
at Zaragura, Ecuador, and deposited in the United States 
National Herbarium. 

33. Centropogon Preslii Wimmer, Repert. Spec. Nov. 19 : 

248. 1924. 

. Spruce $022 (type), Ecuador; Hall, valley of Banos, Ecuador; 
Pachano 214, 215, 216, Ambato, Ecuador. 

34. Centropogon Featherstonei n. sp. 

Stem climbing, 3-7 m. long, suffruticose or shrubby, densely 
and coarsely tomentose above with ferruginous branched hairs, 
eventually glabrescent, the floriferous internodes less than i cm. 
long, becoming 2-3 cm. long at maturity; petioles stout, densely 
tomentose, 6-8 mm. long; blades soft when pressed, apparently 
somewhat succulent when fresh, oblong, the largest 11 cm, long 
by 4 cm. wide, the upper a third smaller, broadly rounded at the 
base, then gradually expanding with straight or concave sides 
to the maximum width above the middle, thence sharply acute 
or subacuminate to the apex, sharply and finely denticulate 
(about 8 teeth per cm. of margin) with low (0.5 mm.), sharp, 
callous, salient teeth, rugulose and thinly stellate-pubescent on 
the upper surface when young, more densely and permanently 
so on the midvein, densely, softly, and persistently ferruginous- 
tomentose on the lower surface; lateral veins about 15-18 on 
each side, widely divergent, gently arcuate, lightly impressed 
above, prominently elevated beneath, the veinlets obscure; 
peduncles from the upper axils, slender, divergent, 6-8 cm. long, 
somewhat shorter. than' the' subtending leaves, densely'' ferru¬ 
ginous-tomentose; hypanthium hemispheric, 5, mm. , high,,'8-10 
mm; wide when pressed,'somewhat-angled, densely ierruginous- 
tomeiitose; sepals erect or somewhat spreading, linear, 6-7 mm. 

' long, , dark brown or nearly-.black,'with 2,'or 3 .pairs of " black, 
salient, ■ acicular teeth; corolla-tube 28 ,mm;'Tong,/apparently', 
;, red, "but' the, surface concealed' bydense ferruginous tomentum', 

■ the,', l'obe'sm,arrow,; falcate, depressed,'the .upper about 10 mm-*,'thC' 
lateral,"about'7, the lower about 5 mm, long; filaments thinly 
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villous, exserted about 13 ram.; anther-tube 8 miiio long, sparsely 
pilose distaliy, the two lower anthers bearded, 

TypEj Macbride & Featherstone 1603, collected 8-22 July 
1922 at Mito, Peru, altitude about 9000 feet, and deposited in 
the herbarium of the New York Botanical Garden (diipL in 
herb. Field Museum). 

35. Centj^opogon erianthus (Benth.) Bentli. & Hook, f.; 

B. D. Jackson, Ind. Kew 4 : 1274. 1895. 

Siphocanipylus erianthus Benth. PI. Hartw. 139. 1844, 

Hariii'eg yyS (type), Loxa (= Loja), Ecuador; Trianu isyg; 
Rose^ Pachano & Rose Zaragura, Bicuador; Hitchccck 

Loja, Ecuador; Mille j6o, Ecuador. 

36. Centropogon fichinchensis Zahlbr. Repert. Spec. Nov. 

14 : 180. 1915 

Sodiro gi/2 (type), Pichiricha, Ecuador; Macbride 4306, 
Muha, Peru. 

37. Centropogon verbascifolius (PresI) n. comb. 

Lobelia verbascifoUa Presl, Prodr. Monog. Lobel. 38. 1836. 

Siphocampylus verbascifolius A. DC. Prodr. 7 : 402. 1839. 

Matthews^ Peru. Closely resembling the next in leaf-form 
and venation, but distinguished by the more densely tomentose 
leaves and by the smaller flowers, 'with a corolla-tube only 21 
mm. long. 

38. Centropogon Macbridei n. sp. 

Stems shrubby, climbing, 5 m. long, irregularly compressed 
.and densely ferruginous with stellate-tomenturn wiieiv yoiingy 
becoming glabrous with age; floriferous internodes 1-2 cm.dong, 
gradually lengthening at maturity; petioles stout, 9-15 mm. 
.long, densely brown-tomentose; blad.es spreading' or .somewhat 
ascending, thin, elliptic-oblong to., elliptic-rhomboid, -, broadest 
■somewhat'.above the middle,,io~*i2 cm, lo.ng,'4-4.5cm. wide, the 
upper gradually .reduced, subacuminate,.cuneate from the middle' 
;,or a. little,,below .it .to,an 'a,cute base,, conspicuously.denticulate 
(about 7 teeth per cm. of margin) with thick, black, callous, 
triangular, teeth,. 0.7 mm., long, or less, upper'surface rough-with 
stellate-pubescence, thinly;, on, the, surface,'.densely along the 
midveint especially,,',toward.'.- its' base, , lower' surface similarly 
pubescent on "the surface and-with tows' of crowded hairs on .the, 
■veins,and'vei-iile-.ts';,.midv'e,m impressed„or'plane above,,stout and' 
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elevated beneath; lateral veins 3-5 mni. part, obscure above, 
prominiiloiis beneath, gently curved-ascending; peduncles 7-11 
cm. long, densely tomentose, minutely subulate-bracteolate near 
the base; hypanthium broadly hemispheric, 8 mm. high, 12 mm. 
broad when pressed, somewhat 5-ribbecb densely tomentose; 
sepals erect or ascending, linear-triangular, 12-15 mm, long, 
densely pubescent, with a few minute callous teeth, especially 
ill the distal half, separated by hat sinuses 3 mm. wide; corolla 
orange-red without, yellow within, stellate-tomentose, the tube 
35-40 mm. long, constricted above the base, gradually expanding 
to 10 mm. wide at the throat when pressed, its lobes linear- 
triangular, strongly decurved-falcate, long-acuminate, more or 
less involute, the two upper 4-5 mm. wide at base, about 20 
mm. long, the lower narrower and shorter; filaments exserted 
12-17 mm., straight, puberulous at the throat, becoming pilose 
or sub tomentose with white hairs toward the apex; anther-tube 
9 ~io mm. long, purplish-brown, glabrous, or with scattered pilose 
pubescence on the connectives, the two lower anthers bearded; 
fruit a dry berry. 

Type: Macbride 4183, collected 20 May to i June 1923, 
Huacachi, near Muna, Peru, altitude about 6500 feet, and 
deposited in the herbarium of the New York Botanical Garden 
(dllpi. in herb. Field Museum); a second collection is Pennell 
74 SS^ Mount Santa Ana, Dept. El Cauca, Colombia, alt. 2700- 
3000 m., 29-30 June 1922, 

39. Centropogon perlongus n. sp. 

Tall shrub, the stems somewhat flattened above, irregularly 
angled, densely tomentose with fulvous hairs, glabresceiit in age; 
petioles 15 mm. long, densely tomentose; leaf-blades thin, oblong 
to oblong-lanceolate, those subtending flowers 11-15 cm. long, 
3.5-5 cm. wide, the lower still larger, acute or subacuminate, 
obtuse to subrotiind at base, prominently callous-denticulate 
(5-8 teeth per cm. of margin) or serrulate, above dark green, 
thinly.Jiilvous-stellate on the-surface, more densely so on the^ 
principal veins, beneath pale green, thinly cinereous-stellate on 
'the surface, densely so on the veins; lateral veins 18-22 pairs, 
slightly arcuate, ascending at angles of 45-70®, impressed above, 
prominent beneath; peduncles axillary, ,13-15 cm. long, .densely 
tomentose, later, glabrescent, the "bracts'linear-subulatey 3, min. 
long; liypanthiiim short-cylindric, ■ 12' mm. long and' wide 'when 
pressed, strongly angled, densely fuivous-steliate; sepals' loosely 
and.irregiilarly spreading or even reflexed, linear, 25-3Q'mm,. long,,' 
2-3 mm. wide, remotely denticulate with low, black, callous teeth, 
densely fulvous-stellate on both surfaces, later glabrescent; 
corolla densely fulvous-tomentose, the tube 42 mm. long, the 



20 


BULLETIN OF THE TORREY CLUB 


[V 0 L„ 52 


lobes all strongly deflexed, the upper pair 22 mm. long; filaments 
sparse!}^ villous with vertical white hairs; anther- tube 10 mm» 
long, strongly hirsute in the fissures with yellow hairs, especially 
distally; berry broadly ellipsoid, 3 cm. long, crowned by the per¬ 
sistent sepals 5-6 cm. long. 

Type: Cook Gilbert 1355, collected 19 June 1915, in the 
Lucomayo Valle}/', Peru, altitude 1800-3600 m., and deposited 
in the United States National Herbaritiin. The type is in flower 
and bud; a second sheet collected the same day exhibits a lower 
portion of the stem, with fruit and with more elongate leaves. 


Additional species unknown to me 


C. acrodentatus Wimmer, Repert. Spec. Nov. 19 : 241. 1924. 

C. affinis venesmlanus Wimmer, L c. 242. 1924. 

C. Brittonianus brevideniatus Zahlbr. & Rech., Med. Rijks Herb. 

19:51. 1913* 

C. eborinus Wimmer, 1 . c, 244, 1924. 

C. erythraeus Drake, Jour, de Bot. 3 : 237. 1889, 

? C. exasperatus Presl, Prodr. Monog. Lobel. 48. 1836. 

C.floccosus Planch., Flore Serres 6: 16. 1850-51. 

C. Mrtijlorus Drskey L €. 1889. 

C. Karstenii Zahlbr., Ann. Naturh. Hofmus. Wien 6: 436. 1891. 

C* macrocarpus Zahlbr., Bot. Jahrb. 37 : 452. 1906. 

C. fiMginosm Wimmer^ l. c, 2^(). 1924. 


Explanation of plate 1 

Sepals of steiiate-tOTnentose Centropogons, X 1.5 


1. C. Mandonis. ■ 

2. C. gloriosus.'■ 

■3,' C.'Brittoiiianiis. 
,4. C.. magnificus. 

5. ■ C.mnduavensis.' 

Hartwegi. 

7. C, latisepalus. 

8. C.'Caoutchouc.' 

9. ,C. aurantiacus. 

10. C. fulvus.', 

: 11,.C.' Weberbaueri, 
12, U.,,rufus.::': . 
l'3»;C.:ellipticus., 


14. C. longifolius. 

15. C. intonsus. 

16. C. Jahnii. 

17. C. lanceolatus. 

18. C. ferrugineus. 

19. C. barbatellus, 

20. C. australis. 

21. C. foliosus. 

22. C. alatus. 

23. C, subcordatus. 

24. G. salviaeformis. 
23. C. nervosus, 

26. C. comosus. 


27. C. hirsutus. 

28. C. cinereus. " 

29. C. siiberiaiithus. 

30., C. Lindenianiis, 

31. 'C licayensis. 

32. C.', occult us. 

33. C. Preslii. 

; 34, C. Featherstoiiei. 
35. C. erianthus. 

36'.' C. pichincbeusis. 

37.. . C. verbascifolius. 
.38. ,C. Macbridei." 
39* .C.'perlongus',' ' 
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A new fossil species of Hydrangea* 

Arthur Hollick 
(with plate 2) 

Hydrangea alaskana n. sp. 

Cal}^ deeply 3-lobed, attached by a common base to a long, 
slender peduncle; lobes separate, sessile, entire, suborbicular in 
shape, rounded distaliy, broadly cuneate proximally, more or 
less overlapping medianly, varying somewhat in size, 3 or more 
centimeters in length by 3 or more centimeters in width; nerva¬ 
tion pinnate-flabellate, consisting of a straight midvein and three 
or four secondaries on each side, all of equal rank, that spring 
from the base and below the median part of the midvein at acute 
angles of divergence, the inner ones subacrodrome, the outer ones 
more spreading, occasionally forked or branched, curving up¬ 
ward, connected by irregularly disposed and angled cross nerva¬ 
tion, the ultimate ramifications becoming camptodrome in the 
marginal region. (PI. 2, Figs, i, 2.) 

Locality: Jaw Mountain, Alaska Peninsula, 20 miles N.W. of 
Aniakchak Bay. 

Formation: Tertiary shaly sandstone. 

Collector: W. R. Smith, U. S. Geological Survey. 1922., 

Figs, i and 2, which serve to illustrate the species, represent 
counterparts of a single specimen. This specimen may be seen 
to include not only the conspicuous sepals of a sterile floret but 
also, apparently, indications of the remains of a scattered cluster 
of small fertile flowers. These latter appear to the best advan¬ 
tage in the lower portion of the matrix in Fig, i ; but their iden¬ 
tification should be regarded as tentative only. 

Reference of our specimen to the genus appears 

to'be warranted, as: may'be seen by comparison with' the sterile 
florets; of certain existing , species of the genus. : ;A'drawing of a" 
normal 4-sepalate. specimen of H\ quercifolia Bartram is intro¬ 
duced for comparison (see. Fig.'.,, 3); but certain Asiatic species, 
such as 'H.,. Davtdij JET. hortensis, and H, optdoides, approach our 
specimen more nearly: in^regard;to size.; "Incidentally it:,may,be; 
remarked that our species has only three visible sepals, whereas 

^ Published with the permission of the Director of the U. S. Geological 

Survey.:;''.'v'.;; ■' ^ 
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the normal number in the sterile florets of existing species is 
four, or occasionally five. Many, however, present the ap¬ 
pearance of being tri-sepalate, for the reason that at least one 
of the sepals is frequently aborted and is either ineonspiciioils 
or early deciduous (see Fig. 4) ; and in this connection it is of 
interest to note that of the two figured specimens of the fossil 
species Hydrangea Bendirei (Ward) Knowlton, introduced for 
comparison, one (see Fig. 5) is shown with four sepals and one 
(see Fig. 6), apparently, with three. 

A number of species, most of them more or less similar to 
ours, blit smaller, from Tertiary horizons in both the Old 
World and the New,' were described and figured under the 
genera Getonia, Parana, and Hydrangea* by various authors, 
from time to time, and were subsequently shifted from one 
genus to another by those who studied them more critically. 
The species cited in the footnote may be regarded as examples 
of three that simulate ours quite closely and apparenth'* belong 
in the same generic category. 

Explanation of plate 2 

Figs, i, 2. Hydrangea alaskana n, sp. Natural size. Specimens in U. S. 
National Museum, Washington, D. C. 

Figs. 3, 4. Hydrangea qtiercifolia Bartram. Sterile florets, natural vSize. 
Alabama, FI. Eggert, 1897. Specimens in Herbarium, New York Botanical 
Garden. (Introduced for comparison.) 

Figs. 5, 6. Hydrangea Bendirei (Ward) Knowlton. IJ. S, Geol. Survey, 
Bull. No. 204: pi, p./, d, 7. (Introduced for comparison.) 

* Getonia oeningensis Unger, fide Weber, C.O., Dio Tertiarflora der'Nieder- 
rheinisclien Braunkolilenformation, Paleontographica 2: 215 (loi], pL 7. 
/. 2, 1851 [reprint 18521 (===: Schenk). 

y Bomna oeningensis (Alex. Braun) Heer,'Flora tertiarki Helvetiae 3: 18. 
pHio's,'f,2l,2S-28GiZS9{-^’^tlj'eiUtBesoemngemi$[k\Q%Alrmx\), ■ 

^ ' Hydrangea'Bendirei^fpdmd) Km-wl^^ -Geol Survey, Bull. No* 204 

(Fo;ss'if' flora; of , the^ John Day: Basin, Oregon),: 60. pi, p. J, 6, 7,, 190,2 

(- Parana Bendirei (Ward) Lesquereux - Marsilea Bendirei Ward). 






Application of Gleason’s formula to a Carex lasiocarpa 
association^ an association of few species'^ . 

Edith Woollett, Doris Dean and Helen Coburn 

Efforts liave been made by Arrhenius, Gleason, and others 
to find a mathematical expression .for the number of species in a 
given area. These efforts resulted in a formula by Gleason,f 
based upon intensive and extensive work in associations of a 
fairly large number of species such as pine and aspen growth ^ 
and in certain beech-maple areas. The formula is as follows: 

If ^4 is the area of one quadrat, B is the area of total quadrats, 
C is the area under consideration, a is the average number of 
species in one quadrat, h is the total number of species in all 
quadrats examined, and c is the total number of species in the 
area, then 

tog B — log -.4 __h — a 
log C — log A c — a 

As this formula was developed for a very heterogeneous 
situation with a large number of species, it was desirable to try 
the fornuila on a simple association of a relatively small number 
of species. For this purpose, Smith’s Bog, Cheboygan Coiuity, 
Michigan, a Carex lasiocarpa stage in bog development, offered 
itself as an example. 

Looking at the bog from the upland surrounding it, the 
general appearance is that of a mat of almost pure lasio¬ 

carpa with" a small pondmear.the center. The Carex mat covers 
an area of over 23,000 square meters, or about five acres. Sur¬ 
rounding this mat on the northern, western, and eastern sides 
are representatives of the high-bog-shrub association in which 
Salix pedicellaris is most abundant. A lowland forest occupies 
a slight depression at the southern end. 

In applying the formula, lines wholly within the obvious 
Carex association were"'deifiitely, located.,■':;Contiguou$'/quadrats'' 
one. :square''meter^in; size;','wet^v;’taken:,::d'n;::each^, 
totalling 1050 quadrats. 

* A contribution from the Biological Station of the University of ]\Iichigan, 
in which the authors were students under Professor F. C. Gates. 

■■ :'„TGleason'f':H> A., ' Species.''and 
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A plane table map was made of the bog and the limits of the 
Carex lasiocarpa association, from which the area of the associ» 
ation was calculated. 


Table of species found in quadrats and the number of quadrats 

IN WHICH EACH OCCURRED WITH THE FREQUENCY INDICES CALCULATED. 



Quadrats 

F.I. 

I. Carex lasiocarpa. 

.. • 1050 

100 

2, Dulichiiim arundinaceum. . . . 

. 390 

37 -J 

3. Eleocharis palustris. 

. 380 

36.2 

4. Potamogeton heterophyllus.. 


22.8 

5. Eleocharis acuminata. 

. 207 

19-7 

6. Juncus canadensis. 

. 135 

12,9 

7. Carex crinita. 

. 94 

8.9 

8. Lysimachia terrestris. 

. 61 

5-8 

9. Potentilla palustris. 

. 51 

4.9 

10, Chamaedaphne calyculata ... 

. 50 


11. Hypericum virginicum. 

. 36 

3-4 

12. Nymphaea advena. 

. 28 

2.7 

13. Carex stricta.... 

. 27 

2.6 

14. Eriophorum viridicarinatum. 

14 

1.3 

15. Panicularia borealis. 

...— 9 

0.9 

16, Calamagrostis canadensis. . . 

. 9 

0.9 

17. Menvanthes trifoliata. 


0.2 

18. Carex sterilis. 


O.I 

19, Salix pedicellaris... 

. I 

O.I 

20. Salix sericea.. 

. I 

O.I 

21. Sparganium minimum. 

. l 

O.I 

The average number of species in the 1050 quadrats was 

2.65. 

In addition to the species found 

in the quadrats taken in the 

Carex mat, the following species of higher plants were found on 
the mat: 

Andromeda glaucophylla, 

Lysimachia ihyrsifiora, 


Eriophorum calUthrix^ 

Polygonum amphibium , 


\ Iris versicolor, 

Scirptis atrocinctus, and 


Juncus brachycarpus, 

Typha latifolia. 



making a total of 29 species on the mat. 
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Returning to the formula: 

log B — log A _ b — a 
log C — log A c — a 

the values obtained in the investigation were as follows: 

^4 " I square meter a =2,65 

B ™ 1050 square meters 6=21 

C = 23jI 59 square meters c — 2q 

Substituting all but c in the formula gives: 

log 1050-log I _ 21 -2.65 

log 23,159— log I ” c —2.65' 

Solving for c, we find c = 29.16. Since the actual number 
of species is 29, the error between the real and the expected 
number is o. 55^. 

The results of the calculations show that the formula may be 
applied to a given area in which an association predominatesj 
whether large, as in the aspens, or small, as in the present case. 
The results also show that the total number of species within the 
area and not merely those belonging to the association itself 
must be considered. 

Summary 

1. Efforts have been made to find a mathematical expression 
for the number of species in a given area. 

2. The expression formulated by Gleason: 

log B — log A _ b — a 
log C — log -4 "" c —o’ 

in which A is the area of one quadrat, B is the area of total 
quadrats, ■ C is the area under consideration, a is the average 
number of species per qudrat, & is the total number of species 
in the quadrats, and c is the total number of species in the area® 
had been shown to apply to an association of a large ,number of 
species, as the aspen association, but it is now' found to apply 
also to an association of a small number of species, as exemplified' 
by the Carex lasiacarpa associatio.n' at Smith’s Bog, Cheboygan' 
County, Michigan. , 

' ■ 3., The, formula applies to the total'number' of'species present 
in an area of an association whether they properly belong to 
the'association in question,,or not. , , 
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Adams, H, R, Some effects of sulphur on crops and soils. Soil 
Sci. 18 : 111-115. Au 1924. 

Archerj W. A, The morphological development of Asiero- 
sporium Hoffmanni. Mycologia 16 : 220-2^2, pL 15, x 6 , 
14 S 1924. 

Arthur, J. C. Fern rusts and their aecia. Mycologia 16: 
245~-25G 14 S 1924. 

Ashes W. Notes on woody plants. Jour. Elisha M'itcliell 
Sci. Soc. 40 ; 43“48* Au.1924, 

Including a number of new species and combinations. 

Bailey, I« W« ' The problem of identifying the wood of Cretaceous 
and later dicotyledons'; Paraphyllanthoxylon arizonense. 
Ann. Bot. 38 ; 439--451. pi 15, ' *^ 1 *'’ 1924.' 

Bartram, E« B. A variety of Grimmia anadon, ■ Bryologist 27 : 

59. “ji” 19S1924. 

Bartram, E. B. Two new Grimmias from Arizona. Bi-yologist 
27 : 6 o- 6 iSt. pi. g, 10. “ Jl” 19 S 1924. 

Including,{jfmma 'Sayi/d-n/ae..and Grimmia mtalmeiisis spp. no\% ' ,, 

-26, 
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BateSj C. G., & Roeser? J. Relative resistance of tree seedlings 
to excessive heat. U. S. Dept. Agr. Bull. 1263: 1-16. /. 1. 
3 S 1924, 

Beardslee^ H. C.j & Cokerj W« C. The Mycenas of North 
Carolina. Jour. Elisha Mitchell Sci. Soc. 40:49-91. pL 6-jo. 
A'u 1924. 

Including Mycena a 7 iomala sp. nov. 

Bose^ S. R, Three new species of Bengal Polyporaceae, Bot. 
Gaz. 78 : iig~i2i,f. j~j. 15 S 1924. 

Bradley^ W, H. An oil shale and its microorganisms from the 
Fiison formation of Wyoming. Am. Jour. Sci. St 228-234. 
/. 1-4. S 1924. 

Braid, K. W. PleurothalUs nervosa Braid [sp. nov.]. Kew 
Bull. Misc. Inf. 1924 : 201-202. 17 Je 1924. ' 

Braid, K. W. Spiranthes {Euspiranthes) Pamii Braid [sp. 
nov.]. Kew Bull. Misc. Inf. 1924 : 204-205. 17 Je 1924. 

Including three new varieties. 

Braid, K. W. Sienorrhynchus bonariensis (Lindl.) Braid, comb, 
nov. Kew Bull. Misc. Inf. 1924 : 205-206. 17 Je 1924. 

Braun, H. A gradient permeabilit}.^ to iodin in wheat seed'coats. 
Jour. Agr. Res. 28 : 225-226. 19 Ap 1924. 

Britton, E. G. The mosses of El Yiinque. Biyologist 271 

64-65. “ti” 1951924- 

Bryan, M. K. Bacterial leafspot of Delphinium. Jour. Agr. 
Res, 28 : 261-270. pL 1-4, 19 Ap 1924. 

Campbell, D. H. A remarkable development of the sporophyte 
' in A nthoceros fusiformis Aust. Ann. Bot. 38 : ■ 473-483. 
j- 5 ., Ji 1924. 

Campbell, E. G. Nitrogen content of weeds. Bot.' Gaz. , 78 : 
i03-ii5./.' j-4. 15 S 1924. , 

■Cannoii, W* Ac, General and physiological .features'of The 
vegetation of the more arid portions : of .southern Africa, 
"'.with notes on the climatic environment. , Carnegie Inst. 
■■, Wash.'PubL. 354: i-viii,'1-158.':^/.''1924..;.'.''T', 
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Castetter^ E. F. Studies on the cytology of of Melilokis alba. 
(Abstract) Proc. Iowa Acad. Sci. 30: 331. i J1 1924. 

Carleton, M. A. Some remarks on the literature of the rust 
fungi. Science II. 50 : 360-362. 17 O 1924. 

Carsner, E.j & StaMj C, F. Studies on curly-top disease of the 
sugar beet. Jour, Agr. Res. 28 : 297-320. /. i -f* ph 1-5- 
26 Ap 1924. 

CMMj C. M. Physiological foundations of behavior, i-xiiij 
^*“330* /« 1-147^ New York, 1924, 

Chrysler} M. A. Harnessing the sun: can botanists solve the 
motor-fuel problem? Jour. N. Y. Bot. Card. 25 :266-268, 
O 1924. 

Clarkej J. M» Buried jungle tells flower^s story. Evidence of 
struggle to produce bloom found in ancient trees of Cats¬ 
kills. N. Y. Times, 7 S 1924. (Illust.) 

Clarkson.} E. H. Dryopteris dilatata, var. americana in eastern 
Massachusetts. Am. Fern Jour. 14 : . 67-69. ph 5. 

29S 1924. 

Clutej W. N. Elementary species of Rudbeckia. Am. Bot. 30 : 
I 58 “X 59 * O 1924. 

Ciute, W. N. On plant names. Gardeners’ Chron. Am, 28 : 255. 
0 1924. 

Clute} W. N* Perennial four o’clocks. Am. Bot. 30 : 139-140, 
O 1924. (Illust) 

CiutC} W. Plant names and their meanings~XXL Or- 
chidaceae. Am. Bot 30 : 145-153. O 1924. 

Cltttes, W. N* Through an insect’s eyes. Gardeners* Chron. 

■ Am. 28:232, S 1924. 

Conneri A. Karper, R, E. Inbreeding grain tsorglium.' 

■Joun Hered. 15 : 299-302./, 20 - 21 , ''JP'’ 19, S 1924. 

■ Couch, J. N. ^'Some observations on spore formation and dis¬ 
charge in Leptolegnia, Achlya, and Aphammyces, Jour, 
.Elisha "Mitchell Sci. Soc. 40 ;■27-42,.,;^/.'4-5. Au 1924, 
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Cook| W» S. The stractures of some nectar glands of Iowa 
honey plants. Proc. Iowa Acad, Sci. 30 : 301-329. pL i~io. 

I J 1 1924, 

Crozier, W® & FederigM, H. Critical thermal increment for 
the movement of Ocillatoria, Jour. Gen. Physiol 7 : 137- 
150,/. 1-6, 20 S 1924. 

Bavidsoiij A. CalocJtorius lanternus and Allium grandisceptrum 
n. spp. Bull. So. Calif. Acad. Sci. 23 : 126. “Jl-Au” 12 

5 1924. 

Davis, W. H, Summary of investigations, on clover rusts. 
Mycologia 16 : 203-219. pi, 14 + /. 1-4, 14 S 1924. 

Including Uromyces hybridi sp. nov. 

Doolittle, S» P. Control of cucumber mosaic in the green¬ 
house. U. S. Dept. Agr. Circular 321:1-5. pi. 1, 2, JI1924. 

Fitzpatrick, T. J. The arborescent flora of midwest farmsteads. 
Proc. Iowa Acad. Sci. 30 : 359-364. i Jl 1924. 

Gilmore, K, Methods of modeling Agaricaceae. Proc. Iowa 
Acad. Sci. 30 : 3 ^ 9 - 374 -/* ^*“ 5 - i Jl 1924* 

Haenseler, C. M. Plant diseases of New Jersey. What causes 
them (first installment). N. J. Agriculture 6: lo-ii, 0 
1924. (Illust.) 

Hanna, W. F. GrowTh of corn and sunflowers in relation to 
climatic conditions. Bot. Gaz. 78 : 200-214. /. 1-4. 16 

0 1924. 

Hansen, A* A. Bittersweet, most decorath^e of wild fruits. 
Nat Mag. 4 : 283, 300. N 1924. (Illust.) 

Hansen, A; A« The cardinal flower, a vanishing species. Nat. 
Mag. 4 : 224-225. O 1924. (Illust.) 
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Experiments with various plants to produce change of sex in 
the individual* 

John H. Schaffner 

The writer has had a number of plants under observation 
and has been experimenting wdth others which have shown be¬ 
haviors that tend to throw further light on the problem of the 
nature of sexuality. It is probable that the problem of sex can 
only be solved by the accumulation of data from many sources 
which when finally put together may give such evidence as %vill 
lead to the ultimate cause and nature of the remarkable sexual 
dimorphism exhibited by most living things. 

Thalictrum dioicum L. 

In the spring of 1921, ten pure carpellate and ten pure stami- 
nate plants were dug up and planted in ordinary soil in shallow 
benches in the greenhouse, thus taking them out of their periodic 
environment of heat and cold and seasons of moisture and dry¬ 
ness. They were given little attention, except to keep conditions 
as unfavorable as possilole without causing death. Most of these 
plants bloomed several times during the fall and winter of 1921- 
22 and also in 1922-23. No change in sex was noted but in the 
meantime nearly all became decrepit and began to die. By 
December 1923, only three carpellate plants were still alive and 
all the staminate had died. One of the survivors developed a 
small inflorescence which was examined December 3. It con¬ 
tained nine stamens distributed in various, otherwise carpellate 
flowers. One of the flowers, however, had two stamens. The 
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stamens were of varying degrees of perfection. Some had pol¬ 
len sacs with pollen, but apparently none had perfect poilen. 

In this decidedly dioecious perennial species, therefore, it re¬ 
quired more than two years to induce a change in the sexual con¬ 
dition of the individual, but, nevertheless, one carpellate plant 
out of ten which had passed through a number of reproductive 
periods in a purely female condition re\"ersed this condition in 
nine of its sporophylls so that male characters developed. Evi¬ 
dently the originally.’' determined female state was of a very in¬ 
tense and persistent character, and was only gradually overcome 
by the decided change in its metabolic processes under the 11 nu- 
siial adverse environment. This plant and the other two sur¬ 
viving individuals died, with no further development of flowers, 
in the winter of 1924. The conditions should have been kept a •: 
little more favorable for growth. 

In the spring of 1922, a carpellate plant which showed some 
stamens was transplanted from the woods to a pot in the green¬ 
house and well fertilized with cow manure. The behavior of this 
plant was reported in 1923 in ^‘Observations on the Sexual State 
of Various Plants’'"^ and its record up to date is as follows: In 
September 1922, the plant bloomed again, producing 14 stamens: 
one flower having three stamens, some two, and some one. In 
November of the same year, it bloomed, again with a few sta¬ 
mens. In January 1923, it bloomed once more and this time 
only carpellate flow'ers were produced, thus showing a pure fe¬ 
male state. The intermediate, bisporangiate, or intersex con¬ 
dition had been changed to a pure female state. By the end of 
March it was again in anthesis with only pure carpellate flowers. 

In the meantime the plant was kept richly supplied with manure 
and -water. At the next blooming period, May xi, 1924, the 
plant was still pure carpellate and the same condition wvis con¬ 
tinued when it bloomed again on June 15 and also on July 20, 
The plant was neglected during August, but on September 8 it 
was coming into bloom with a considerable number of flowers, 
this time producing, among the pure carpellate flowers, four in¬ 
termediate'flow^ers, each with a single, imperfect stamen. , 
next blooming period showed a small^inflorescence, on November, ' 
25, 1924,with all the flowers pure carpellate. 


Schaffner,'John H. ' Ohio Jour. Sci. .23: .'i'55. 
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It is evident, therefore, that labeling a Thalictriim dioicum 
indivdiial at any blooming period as being a pure male or a pure 
female and thinking to find it so at a future date is a waste of 
energy, especially if there is very much possibility of change in 
its environment. Yet, in spite of the fact that occasionally one 
can find an individual of this species with practically all the 
flowers bisporangiate, there seems to be a fixedness about the 
monosporangiate condition which is not easily overcome. This 
condition, whatever it may be, seems to be the same as that 
which is developed in the gametophytes of all higher plants, 
where the given sexual state is handed over from the sporophyte 
without change and without in the least being disturbed by the 
reduction divisions. The sex of the gametophyte is but rarely 
reversed or changed from the state predetermined for it in the 
sporophyte. Such sporophytes as those of Tkalicirum dioicum^ 
with strongly fixed sexual states are, therefore, in marked con¬ 
trast to those ^of Thalictmm dasycarpum F. & L., Arisaema tri- 
phyllum (L.) Nutt., and Arisaema dracontium (L.) Schott, where 
the sexual condition is so lightly established in the individual 
that its partial or complete reversal is a comparatively easy mat¬ 
ter. Incidentally, the fact must not be overlooked that the in¬ 
termediate plant described above with a single, vernal blooming 
period in its normal habitat, under the imposed conditions, actu¬ 
ally bloomed five separate times in 1924, strung along from May 
II to November 25. Those who have a wooden notion about 
the hereditary nature of such ecological or physiological charac¬ 
ters will need to re-examine the foundation on which they are 
standing. 

Cannabis sativa L. 

During the spring of 1924, an unusually interesting case of 
sex reversal occurred in connection with some rejuvenation ex¬ 
periments, in a carpellate hemp plant. Some hemp seed tvas 
planted on Jaritiary 16, , 1924, and, as the result of developing in' 
the short-light period of winter, came into bloom in a little over 
a month, the staminate first and the carpellate somewhat later. 
When the carpellate plants were beginning to show their age, but 
/before sex reversal had appeared in very many of them, they were 
rejuvenated', beginning March 2i,/'.by receiving at night, in addi¬ 
tion to the available daylight, the light from two i lo-vratt mazda 
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electric bulbs« The special individual under consideration was at 
this time lo inches high, was pure carpellate, and was producing 
seed. The tip of the plant was too senile to undergo rejuvenation, 
but six branches developed from the lower part and began a vig¬ 
orous growth, showing the usual series of leaf forms that appear 
in the seedling or in a rejuvenated stem. One of the most vig¬ 
orous shoots, wdien it was about 6 inches long, began to bloom 
and produced twelve flowers. These flowers were all pure stami- 
nate and because of the favorable light were all perfectly typical 
in character, exactly like the summer flowers of pure stamlnate 
plants! There was not a vestige of femaleness about them. 
Because of the continuous light, which should have kept them 
from blooming in the first place, the plant was soon thrown back 
completely into the vegetative condition again. On June 5, the 
electric light was turned off and the rejuvenated plant grew to 
be large and vigorous, some of the branches being 6 feet talk 
On September 8, on returning from a trip to Kansas, the entire 
plant, including the large branch that had produced the stami¬ 
na te flowers, was in full bloom and all the flowers were pure car¬ 
pellate again. On September 9, the plant, because of incon¬ 
venient size, was severely pruned and rejuvenated again by 
means of continuous light, daylight in the daytime and electric 
light at night. As discovered later, this pruning was improperly 
done, and resulted in the final death of the entire plant. By Sep¬ 
tember 20, numerous buds were developing which later made a 
good growth, These shoots were so numerous that many were 
removed and the plant then took on a more vigorous grow^th. 
The electric light was discontinued on December i, and by De¬ 
cember 13 the plant began to die. It had, however, produced a 
considerable number of incipient flowers, an examination of 
which showed well-developed stigmas. At this fourth blooming 
period the plant was apparently again pure carpellate, but if 
death had not cut the blooming period short, it might still have 
developed some sex reversal, as was rather to be expected for the 
season of the year. It is now clear to the writer, from this and 
other experiments, that hemp will endure considerable pruning 
and cutting back of the active growing tops, but if the entire 
plant is cut off at or below the part still bearing leaves, or if any 
large branchles are removed, death is almost sure to follow, the 
destruction gradually passing down the stem until the tissue is 
reached that is supporting the growing branches. 
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Here was a carpeliate plant, originalty pure female in both 
vegetative and reproductive expression, which developed in a 
later reproductive period a pure male expression, and at a still 
later period pure female expression again. The cel! lineage, 
which was originally in the female state, showed reversal to male¬ 
ness and then re-reversal to femaleness again. These reversals 
in- zones of growth are similar to the zonal successions and re¬ 
versals shown b3^ many monoecious plants, with this important 
difference, however. While a monoecious plant has a neutral 
vegetative growth and the first sexual state appears in this neu¬ 
tral tissue, the carpeliate hemp plant was, as its vegetative char¬ 
acter showed, at first in the female state, from the time of the 
embryonic development until it was rejuvenated. The behavior 
of this carpeliate plant suggests some definite methods of proce¬ 
dure to produce similar results. No flowers should have ap¬ 
peared during the vigorous vegetative growth after rejuvenation 
and the continuous light should also check sex reversal under 
normal conditions. Now the writer has shown that in experi¬ 
ments on sex reversal of carpeliate hemp plants, a considerable 
number of individuals show no reversal to maleness until they 
are becoming very senile, often not until it finally" occurs in 
branches coming from ver}^ decrepit stems. In general, the 
tendency in both staminate and carpeliate plants under short 
light conditions is toward maleness. Staminate plants usually 
show reversal to femaleness most decidedly at the very beginning 
of the blooming period, while carpeliate plants, as stated, often 
show no reversal to maleness until extreme old age. In the or¬ 
dinary annual development there appears to be an up and down 
gradient, and it is on the down grade of functional activity to¬ 
ward a low functional condition that with a suitable environment 
a proper state develops for reversal to maleness. Now assuming 
that the -given plant was in a very low vegetative condition and 
a very decrepit state of senility, as it actually appeared to be at 
the first rejuvenation, the rejuvenation process would begin a 
reverse gradient of physiological states becoming more and more 
normal, and the condition would be passed through in which 
hereditary factors of anthesis become-active, but-the'.senile-or 
other condition which precedes the development of a male state 
was also attained at this point, in the up grade toward a normal 
vegetative condition, so the plant not only bloomed but was 
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thrown completely into a typical male expression, which lasted 
until the normal vegetative state was attained again, A method 
should, therefore, be possible by which this same result could be 
duplicated at will in a certain percentage of cases. 

Another point, which presents, itself to the writer in an ex¬ 
ample like the present one, is that such cases of re-reversal an¬ 
swer fully the contention of some who are inclined to interpret 
simple reversals as cases of abnormal chromosome or factor 
sliif tings or displacements. Such explanations are not only 
contrary to the evidence in simple reversals, but become ridicu¬ 
lous in the case of double reversals. In view of the fact that 
exactly similar back and forth reversals take place in many 
known cases, as for instance in the diploid, par then ogenetic cycle 
of Leonfodon, reported by Sears'*^ and others, and in the haploid, 
parthenogenetic cycle oi Daitira, as reported by Blakeslee and 
Belling,t it seems to the writer that any supposition except a 
physiological basis for sexuality is entirely unreasonable. 

McPheef obtained complete sex reversal in two staminate 
plants which were apparently pure staminate at first and later in 
their lives produced nothing but carpellate flowers and matured 
seeds. Such cases might give interesting results with several 
successive rejuvenations. The writer has noted such individual 
deviations from the more typical behavior of femaleness to male¬ 
ness and in his “Sex Reversal in the Japanese Hop’^ said that “In 
hemp the general tendency appears in age to be towards male- 
iiess in both staminate and carpellate plants, although some in¬ 
dividuals are exceptional in this respect. “§ McPhee obtained 
in general much lower percentages of reversal than the writer, 
which may have been due to a number of causes, as not keeping 
the plants alive long enough, too poor soil, etc. 

McPhee apparently has a rather confused notion of what 
constitutes “sex reversal,” a confusion probably arising from 
reasoning from determinate higher animals with a single develop- 

* Sears,' Paul B. Amiotic parthenogenesis .in, wlgore (Lam.) 

Schrk. and Taraxacum laevigatum (Willd.) DC. Ohio Jour. Sci. 17 : 97-100. 
V917.", " ■ 

t Blakeslee, Albert F., and Belling, John.' Chromosomal mutations in the 
Yim^on'.Batura stramonium^. ■ Jour.'Hered. 15:' 195-206. ■ "I924. 

J McPhee, Hugh C. The influence of environment on sex in hemp, Catmabis' 
\saiiva 'L. Jour. Agr. Res. 28 : 1067-1080. 1924, 

I'BuIl. Torrey Club.'50: 75. 1923. 
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mental period. The sex reversal is genetically and ph\^siologi-- 
caliy the same whether it is accomplished in the plumule and 
continues for an indefinite period (which would then be a “ true** 
sex reversal according to McPhee, because no intersexuality 
would be present) or whether it takes place in a single flower-bud 
or ill a single sporophyll (which would not be sex reversal accord¬ 
ing to McPhee). If we are to discuss the intricate problem of 
sexuality in plants intelligently, we evidently need to have some 
considerable knowledge of the morphology, physiology, and 
general nature of plants. 

McPhee has not at all given a correct notion of the evidence 
published by the writer when he says: “It is true that Schaffner 
has obtained as high as 88 per cent of “sex reversal” in one plat 
which was grown in the greenhouse during the short days of 
winter, but when we consider that the plat contained only 16 
plants, we must be careful in drawing the conclusion that the 
same percentage of plants in a much larger plat would show the 
same change.” How any one could get such a notion from my 
two main papers on hemp cited by McPhee is beyond compre¬ 
hension! In plain tables among other high records are the fol¬ 
lowing: 

Plat I, iS carpeliate plants—^reversed 16. 

Plat 2, 36 carpeliate plants—reversed 32. 

Plat 3, 29 carpeliate plants—reversed 25. 

Plat 4, 116 staminate plants—reversed 104. 

Plat 5, 66 staminate plants^—reversed 62. 

Plat 6, 42 staminate plants—reversed 39, 

Plat 7, 30 staminate plants—reversed 27. 

So there is plenty of evidence to show that the writer’s con¬ 
clusion was correct that one could predict 90% or more of sex- 
reversal by employing the proper methods; It is so simple'and 
easy that one with the , merest knowledge of how to grow plants 
can do it. 

MoRHS ALBA L, 

'L A number of 'years ago the-writer , reported a very striking 
„case of sex'reversal in the white mulberry,.*'/A'staminate tree 
had reversed a,large branch, to. a .partly female condition':,''"so that 

Schaffner, John H, The nature of the diecious condition in Morns alha 
and Salix amygdaloides, Ohio Jour. Sci. 19: 409-416, 1919- 
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the branch in question produced not only carpeliate catkins and 
catkins partly carpeliate and partly staminate, but also contiiiued 
to produce pure staminate catkins commingled with the other 
two types. Although no self-pollination was attempted, it is 
probable, from the fact that no staminate trees were near this spe- 
da! individual, that the abundant fruit produced was largely self- 
pollinated. However this may have been, the seed produced was 
plainly the offspring of two originally staminate parents. A con¬ 
siderable number of seedlings were grown, twelve of which were 
saved and planted in the garden near the botanical greenhouse on 
the Ohio State University Campus. Ten of these trees survived 
and developed to maturity. In the spring of their first blooming 
period, 1922, a severe frost occurred when the flowers were be¬ 
ginning to expand, which destroyed the entire crop and no 
study could therefore be made of the sexual conditions of the 
plants. In 1923, all the ten surviving trees bloomed and were 
studied in detail. There were seven carpeliate individuals and 
three staminate individuals, and all appeared pure as to sex in 
the early part of the blooming period. But continued studies 
showed that toward the end of the blooming period some indi¬ 
viduals were intermediate in sexual expression. Two carpeliate 
plants each developed a partial staminate condition. On one 
catkin there was a staminate flower with four pollen-shedding 
stamens and some unopened stamens at the base of the catkin. 
The tip of the catkin was normally carpeliate. The other tree 
also showed a number of staminate flowers more or less perfect 
in condition. One of the staminate trees produced two catkins 
with a slight development of femaleness, having enlarged ovu- 
laries and reduced stamens. These catkins showed the usual 
carpeliate character in the tardiness of the development of the 
abscission layers. In 1924, all of the ten trees bloomed again, 
the seven carpeliate individuals being all pure carpeliate and the 
three staminate individuals all pure staminate. No reversal 
whatever was found, although the plants were studied very 
■carefully. 

, This experiment,, so far as it goes, shows that yampolsky^s*: 
finding for Mercurialis annua^ where reversed, self-pollinated 
staminate individuals tended 'to'reproduce mialeness,' and 're- 

, Yampolsky, , 'Cedi,: : Inheritance . of ' sex in M^mrialis annua. , Am. 
Jour. Bot,'.6:4io--442;'' J919.'■ : 
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versed j selfed carpeilate individuals, tended to reproduce female- 
ness in their offspring, may be only a special case and not of 
general application. For, as stated, of the ten seedlings from the 
originally staminate mother parent, seven were female in ex¬ 
pression. It is probable that in many cases Yampolsky's findings 
would hold, for it appears that the original sex condition of the in¬ 
dividual which has reversed the special branches or flowers should 
be more readily established again in the parasitic embryos and 
that this condition would tend to be continued or intensified up 
to maturity. But if sex is not primarily determined by specific 
hereditary factors we would expect the rule to work one way 
about as often as the other. But my material is too incomplete 
for speculation. In the spring of 1924, a staminate tree near the 
Botany-Zoology building of the Ohio State University showed 
signs of sex reversal on several small branches. Two of these 
branches were promptly covered wdth cloth with some staminate 
catkins included to insure self-pollination. Several self-poliinated 
fruits were thus obtained, from which 55 seedlings sprouted and 
are at present growing •well in the botanical greenhouse. In sev¬ 
eral years, therefore, a good number of these plants should be 
available for study, and settle definitely the problem in so far as 
the male condition is concerned. To obtain selfed seed from car- 
pellate plants will not be so easy, since usually by the time stami¬ 
nate reversals are discovered, pollination from outside sources 
may already have taken place. Nevertheless, there are often very 
isolated trees in country districts, and where such are known, 
selfed seed should be readily obtained if proper precautions are 
taken. The writer has known such trees, but never in places 
available to him for study at the proper time. Any one who is 
in a position to obtain selfed seed from a carpeilate white mul¬ 
berry should by all means do so. 

The question arises as to the possible parthenogenetic devel¬ 
opment of the'white 'mulberry.- But in view of the fact that 
Tahara’^ found 14 haploid and 28 diploid chromosomes in Morus 
indicaL, and also 28 diploid chromosomes in Ji". the life 
cycle is probably normal.' Nevertheless, it would-be, desirable, 
to,,' have ' the ' gametophytie number definitely established,. If 
this has,.,been done it is not ,known:.to the'writer.;; ■Triploid,.;.iii,u-- 

®'Tahara, Masato. Ueberdie Kernteilungbei Moms, Bot. Mag. Tokyo Z^: 
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tants are known to occur. But on the other hand, if the white 
mulberry were partlienogenetic through diploid eggs, the results 
obtained would still show that each sex does not tend to repro¬ 
duce itself in this species. 

Ill any event, the white mulberry is able to reproduce off¬ 
spring of both sexual states from individuals which were origi¬ 
nally male. Apparently the seven carpellate and three staminate 
plants were produced from the union of two cells derived from 
two individuals that were originally In the male state. Crew* 
has reported the production of two chickens, one a male and the 
other a female, from two parents which were both originally 
hens, but one of which reversed its sex because of a diseased con¬ 
dition. 


Arisaema triphyllum (L.) Torr. 

The writerf published a paper in February 1922 on the con¬ 
trol of sex in Jack-in-the-pulpit, and since the experiments were 
continued for two years after the first report, the results for 
these two years are herewith presented to complete the record. 
As reported in the previous paper, 25 pure carpellate plants, five 
intermediate plants and ten pure staminate plants were dug up 
and transplanted to the north side of the botanical greenhouse. 
They were treated for maleness and the next spring, 1920, the 
nine surviving staminate plants were still pure staminate, the 
five intermediate or monoecious plants were all pure staminate, 
and of the 25 originally pure carpellate plants, 21 were now pure 
staminate, two were intermediate, and two remained pure carpel¬ 
late. They were immediately treated for reversal to femaleness 
and in the spring of 1921 came up as follows: The nine originally 
staminate plants were all pure carpellate except one iiidividiial 
which had three staminate flowers at the tip of its inflorescence. 
Of the five originally intermediate plants, four were pure carpel¬ 
late and one which had branched gave rise to two staminate 
shoots. Of the 25 originally pure carpellate plants, one failed to 
bloom, one was pure staminate, one wa,s intermediate carpellate 


* Crew, F. A. E. Complete sex-transformation in the domestic fowl. Jour. 
Hered.' 14:''3,61-362. 1923. 

t Schaffner, John H. Control of the sexual in Arisaema triphyllum. 
nnd Arisaema "dr acontkmi. Am. Jour.,, Bot. 9:. 72-78. L 
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witli a single staminate flower at the tip of the inflorescence^ and 
22 were pure carpeliate again. 

In I922j the plants having been treated for maleness, the 
control was as follows: Of the ten originally staminate plants 
six bloomed and all were pure staminate. Of the five originally 
intermediate plants, now increased to six, three bloomed, of which 
one was pure staminate, one was intermediate with only eight 
carpeliate flovrers at the base, and one was intermediate with a 
greater number of carpeliate flowers than staminate ones. Of 
the 25 originally carpeliate plants, one had twinned, both of which 
bloomed along with seven others. Of these nine plants, the twins 
and six others were pure staminate and one was intermediate 
with more carpeliate flowers than staminate ones. 

The plants were immediately treated again for femaleness 
and in the spring of 1923 the results were as follows: Of the ten 
originally staminate plants, one of which had died, eight bloomed; 
seven were pure carpeliate and one was nearly pure carpeliate, 
having a single imperfect staminate flower at the tip. Only 
three of the numerous shoots which were appearing in the patch 
bloomed and two of them were staminate and one intermediate 
but with mostly staminate flowers. These small plants, off¬ 
shoots from the original corms, developed maleness in spite of 
the fact that the treatment given reversed all of the large mature 
corms. This was probably due to the small size of the offshoots 
and consequent lack of food supply, the leaf surface being, natur¬ 
ally, very small the previous year. Apparently most if not all 
small offshoots are at first staminate under ordinary conditions. 
Of the five originally intermediate plants, previously increased 
to six, four bloomed, all pure female. Of the 25 originally pure 
carpeliate plants changed to 26, through one twinning by di¬ 
chotomous branching, 13 bloomed, of which ten were pure car- 
pellate, one was carpeliate except that it had a single imperfect 
Staminate flower^at the tip of; the,inflorescence,'one .was inter¬ 
mediate, and one was pure staminate probably because of a re¬ 
duction of its corm.by branching.- From,the 25 originally pure,' 
carpeliate plants, numerous offshoots had also appeared the two 
' past years and of these seven came into bloom.. ■ .-■There were five'' 
pure staminate plants, one, staminate'with''a/single ,„carpe!l:a.te' 
flower , at, the base of the spadix, and one.intermediate,...-but', with 
-more, staminate flowers than-.carpeliate ones. Thus, as in the 



46 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


case of the offshoots from the originally staminate plants, the 
small offshoots from the originally carpellate plants were at first 
also staminate or nearly staminate in spite of the fact that the 
treatment given the previous year to induce femaleness produced' 
the proper effect in the mature plants with large corms and large 
leaf surfaces. 

It is evident that the control for the last two years was as 
perfect as for the first two years in all cases where the plant had 
not been decidedly reduced by vegetative propagation. In ex¬ 
perimenting on sex control with Arisaema triphyllum, therefore^ 
the process should not be continued beyond three or four years, 
unless special means are used to prevent any considerable 
amount of vegetative multiplication. 

Arisaema dracontium (L.) Schott 

Two records were also obtained in the summer of 1922 for 
the green-dragon. Two staminate plants which had been 
treated for femaleness changed to typical monoecious individuals. 
Monoecious plants had also been treated at the same time for 
maleness, but only two came out of the ground and neither 
bloomed. The treatment was too extreme. But the evidence 
shows again that Arisaema dracontium, as stated in my 1922 
paper, changes from the staminate to the monoecious condition. 
With the cases previously reported, it is plain that Arisaema 
dracontium can be thrown from monoeciousness to pure stami- 
nateness and from pure staminateness to monoeciousness. It 
is probable that with a little experience this could be done as 
easily as the sexual condition can be changed in Arisaema tri- 
'phyllum. 

It is interesting to remember that Arisaema is at the top of 
one of the main lines of phyletic evolution in the Aroids. It is 
not only high in the scale of morphological advancement, but is 
the only genus that contains dioecious species The lowest 
Aroids have bisporangiate flowers, the great mass of higher 
Aroids are monoecious, and Arisaema has advanced just far 
enough into the dioecious stage to show still monoecious condi¬ 
tions, as in Arisaema dracontium, A correct taxonomy and 
phylogeny will do much to help us to a correct understanding of 
the fundamental properties and possibilities of a species. 
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Summary 

1. Thalictnmi dioicum was changed from a pure carpeiiate 
condition to an intermediate condition^ showing iiialeness. 
Intermediate plants have also been changed to a pure carpeiiate 
condition and then back again to the original condition. These 
conditions, therefore, do not represent fixedj hereditary consti¬ 
tutions. 

2. A pure carpeiiate Cannabis sativa plant has been rejuven¬ 
ated and changed to a pure male expression and then back again 
to a pure female expression. Thus a cell lineage can change from 
one sexual state to the other and back again without any change 
in chromosome complement or hereditary constitution. 

3. In Moms alba^ offspring from seed produced on a reversed 
branch of a staminate plant did not tend to repeat maleness, but 
of ten individuals raised to maturity, seven were carpeiiate and 
three staminate. 

4. Continuation of the experiments on A mama triphylkm 
show a nearly perfect control of the sex of the individual for the 
third and fourth years of the experiment. They also show that 
the small offshoots, whether they come from plants which are 
for the time being either carpeiiate or staminate and whether 
they have been treated for femaleness or maleness, are probably 
nearly always in the male condition at their first blooming period. 

5. In 1922, two staminate plants of A risaema draconiium were 
changed to typical monoecious individuals, adding to the record 
of definitely induced sex reversal in this species. 

6. All of these experiments add decidedly to the weight of 
the accumulating evidence that sexuality is primarily a physio¬ 
logical condition, that it is primarily not at all Mendelian in 
nature and not amenable to Mendelian analysis; that it can fre¬ 
quently be controlled and reversed at will, even with our present 
crude methods, and that it is preeminently a subject for ecologi¬ 
cal and physiological experimentation^ 

7. A final conclusion is that the time has arrived for an honest 

revision of the ordinary, textbooks .and treatises-dealing .with 
heredity and sex, to conform them to the evidence established, 
and to discontinue the presentation of untenable hypotheses, 
which in the first place had little more evidence in fact as a basis 
for their promulgation than the fertile imagination of their pro¬ 
ponents.'. ■ , .. . 




Studies on the flora of northern South America — III 


H. A. Gleason 
(with plate 3) 

New or noteworthy species of Centropogon and Siphocampylus 

The genus Centropogon, so abundantly represented in the 
Andean region of northwestern South America, may be con¬ 
veniently divided into three groups, based largely on superficial 
characters and not always indicative of true relationships among 
the species. One of these, characterized by the presence of 
branched hairs resembling those of Verbasciim, has been discussed 
in the preceding number of this series. A second is characterized 
by the crowding of the flowers into a dense terminal cluster or 
raceme, while the third has axillary flowers subtended by normal 
foliage leaves. The second of these may in turn be divided into 
two portions, the one with large leaves, a crowded inflorescence, 
and erect sepals, commonly represented in herbaria by C. sped* 
osMS Planch., C. Planchonis Zahlbr., and the Central American 
C. nutans Planch. & Oerst., and aptly called section Amplifolii 
by Zahlbruckner; the other with small leaves, an elongate inflor¬ 
escence, and reflexed sepals, best illustrated in American herbaria 
by the Bolivian C. yungasensis Britton. The third group is 
still more easil}^" susceptible of division into a portion with peiii- 
cillate anthers and another with appendiculate anthers, of which 
the wddely distributed C. cornutus (L.) Druce (C. surinamensis L.) 
is the best known example. 

Centropogon, Group Amplifolii 

This easily recognized group of species, distinguished first by 
'Zahlbruckner, is characterized chiefly by the inflorescence, which ' 
consists of an abbreviated, bracted raceme, in which the flow?*ers 
are borne on short peduncles. The anther-appendage consists 
of concrescent hairs, producing a stiff, erect or reflexed, triangular 
scale; the leaves are large and thin and frequently broadest above 
' the middle;'the sepals are erect’or appressed; the corollas are red 
'the pubescence, if'any, is thin,’and consists of straight, or barely,:', 
crooked’'', short,., hairs.. There" is■,, usually,’ ’ a sha,rp distinction. In'' 
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Size between the uppermost foliage leaf and the lowest bract, 
and the raceme is in some species conspicuously elevated above 
the uppermost leaf. In a few species, the raceme tends to elon¬ 
gate after flowering, or continues to bear crowded flowers at the 
end, while the lo-wer, fruiting portion is elongated. In such cases, 
the members of the Amplifolii may bear a superficial resemblance 
to the related group Axillares, containing, among others, the 
well-known C. cornuius (L.) Druce. The’ group is also closely 
related to C. yungasensis Britton and its allies, which also have 
a terminal raceme, usually more elongate, however, and in which 
the sepals are distinctly spreading or reflexed. Thirty-five spe¬ 
cies of Centropogon have been described with these characters and 
probably belong to this group. Those known to me from South 
America, including several additional species, may be distin¬ 
guished as follows: 

A. Sepals contiguous or united at base, the sinuses 
therefore narrow and acute; anther-appendage 
without a basal zone of separate hairs. 

I. Calyx strongly gamosepalous. 

Cah^-lobesbroadiy ovate, prominently dentate., i. C.roseus 
Calyx-lobes triangular-lanceolate. 


Anther-tube densely hirsute.. 2. C. gamosepalus 

Anther-tube essentially glabrous. 3. C. capitatus 

IL Sepals separate, or barely united at their bases. 

Sepals 4-5 mm, long, about equaling the hypan- 
thium; leaves ample, obovate, abruptly apic- 

ulate ...... 4. C, grandis 

Sepals 6-12 mm. long, much exceeding the 
hypanthium. 

Cah'X and corolla glabrous or essentially so. 

Sepals 5-6 mm. long, 3 mm, wide. 5. U. Bangi 

Sepals 10 mm. long, 2 mm. wide. 6. C. mnplifolius 

Calyx and corolla distinctly hirtellous. 

Leaves closely puberulent on the veins 
beneath with very short brown hairs; 

sepals prominently veined. 7. C. congesius 

Leaves hirsute beneath on the veins, and fre¬ 
quently also on the surface. 

Corolla about 30 mm, long. 

Leaves elliptic to obovate-oblong, broad. 

Sepals 16 mm. long; anthers pilose.... 8. C,. gesnerioides 


Sepals 4“5 mm. long; anthers gla- ' 

brous---, ,9. C, gesneraeformis 

Leaves narrowly lance-oblong, about 6 
: times as, long as wide'.;...., to. C anguslus. '. 
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Corolla about 45 mm. long. ii, C. serralus 

B. Sepals separated by broad, flat or rounded sinuses; 
anther-appendage (except in one species) with 
a distinct basal zone of hairs. 

Sepals i~4 mm. long, shorter than the hypanthium. 

Leaves conspicuously long-acuminate at base. 

Corolla stout, 12 mm. wide at the throat 


when pressed; sepals ovate, 2 mm. long. ... 12. C. curvaius 
Corolla slender, less than 10 mm. wide at the 
throat when pressed. 

Calyx glabrous; sepals appressed. 13. C. parvulus 

Calyx hirteilous; sepals recurved at the 

extreme tip... 14. C. arcuatus 

Leaves rounded to broadly acute at base. 15. C. cuspidatus 

Sepals 9'12 mm. long. 

Leaves obtuse, softly pubescent beneath. 16. C. beslerioides 

I.eaves acute or acuminate, glabrous beneath. 

Leaves minutely callous-denticulate; bracts 

obtuse, entire. 17. C. pedicellaris 

Leaves finely ciliate, denticulate; bracts acute, 

denticulate. 18. C. ciliatus 

Sepals 5”7 mm. long. 

Corolla-tube abruptly bent, nearly or quite at 

right angles. 19. C, aggregatus 

Corolla-tube straight or curved, but never 
approaching a right angle. 

Leaves obovate-oblong, broadest well above 

the middle, long-cuneate at base.. 20. C. speciosus 

Leaves oblong, broadest at or below the 
middle. 

Leaves softly pubescent beneath.. 21. C. aibolimhatus 

Leaves glabrous beneath. 

Leaves broadly rounded at base.. 22, C. prostratus 

Leaves acute at the base. 

Anther-tube glabrous or essentially so.. 23. C. sclanifolius 
Anther-tube hirsute on the dorsal side 

with violet hairs. ... 24. C Plancho7iis 


I. Centrgpogon ROSEUS Rusby, Bull N. Y. Bot. 

Card. 8: 123. 1912. 

Bolivia: Tamupasa, Dept, La Pazp,alt.. 1800 ft., Williams 584 
(type, herb. N. Y. Botanical Garden) 10 Jan. 1902. 

2.', .CENTROROGON GAMOSEPALUS 'Zahlbr. Ann.' , . ;''' 
Natarh. Hofmus. Wien 6: 434. 1891. 

'Pera:Tarapoto,,Dept.Loreto,(type,'herb. 














52 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


3 , Centropogon capitatus Drake, Jour, cie Bot, 3: 

238. 1889. 

Ecuador: Hiiacapamba, near Loja, Poortman ipS (type, herb. 
Mils. Paris). Peru: Tarapoto, Spruce 4132. 

4. Centropogon grandis (L.f.) PresI, ProcL 
Monog. Lobel. 48. 1836. 

Lobelia grandis L.f. Suppl. 394. 1781. 

Siphocampyhis grandis G. Don, Gen. Syst. 3 : 702. 1834. 

Colombia: near Bogota, alt, 2560 m., Bonpland (herb. Mus 
Paris); Tequendama, Dept. Cundinamarca, alt. 2400 m., Pennell 
ip60y 15-Sept. 1917; Salento, Dept. Caldas, alt. 2100-2500 m., 
Pennell 8866, 25-31 July 1922. 

5 . Centropogon Bangi Zahlbr. Bull. Torrey Club 24: 

372. 1897. 

Bolivia: Yungas, forest region northeast of La Paz, alt. 4000 
ft,, Bang 500 (type) \ Rushy logs, 1885, 

6. Centropogon amplifolius Vatke, Linnaea 38 : 716. 

1874* 

Bolivia: Santa Rosa, Kuntze, Peru: La Merced, Dept. Junin, 
alt. about 4000 ft., Macbride 5662, 27 Aug.-i Sept. 1923. 

7. Centropogon congestus n. sp. Stem herbaceous, strongly 
angled or grooved and somewhat flattened above, thinly puberu- 
ient when young, glabrous in age, the internodes 3“4 cm. long; 
leaf-blades thin and membranous, oblong to oblong-obovate, 
15-28 cm. long, 6-10 cm, wide, abruptly short-acuminate, 
sharply serrulate (about 6 teeth per cm. of margin, 0.5 mm. high), 
each tooth with an oblong, intramarginal callosity, acuminate 
at the base into an indefinite petiole 1-3 cm. long, above glabrous 
on the surface, minutely puberulent on the midvein, beneath 
minutely puberulent, thinly on the surface, densely on the 
principal veins; lateral veins about i cm. apart, diverging at 
nearly right angles and arcuately ascending; inflorescence a 
terminal crowded raceme, at length elongate; floral leaves oblong 
to oblanceolate, 2-3 cm. long, sharply acute, cuneate at base, 
pubescent like the foliage leaves; pedicels 2-3 cm. long, slender, 
sparsely pubescent; hypanthium urceolate-hemispheric, 5 mm. 
high, 8 mm. wide when pressed, sparsely puberulent; sepals 
narrowly triangular, 10 mm. long, 3 mm. wide at base, about 
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7-ribbedj reticulate-veined, minutely puberulent, separated by 
acute sinuses, or gamosepaious for i mm. at the base: corolla 
red, sparsely puberulent, 30 mm. long, the tube prominently 
decurved, 23 mm. long, the lobes triangular-falcate, acuminate, 
prominently deflexed; filaments glabrous, exserted 5-7 mm.; 
anther-tube pubescent, especially at the base, the two -lower 
anthers with a cartilaginous appendix. Fig. i. 

Type, Pennell io,i6g, collected 30 Aug. 1922 at Pereira, Dept, 
Caldas, Colombia, altitude 1400-1500 m., and deposited in the 
herbarium of the New York Botanical Garden. Other collec¬ 
tions are Penfiell, Killip & Hazen 8726, Rio Quindio, above Ar¬ 
menia, Dept. Caldas, alt. 1400-1600 m,, 25 July 1922; Killip df 
Hazen 8764^ Salento, Dept. Caldas, alt. 1600-1900 m,. 27-31 
July 1922; Lehmann 1201; and Dawe 804, Quindio, alt. 2000 m., 
1918, in the same herbarium. 

8. Centropogon gesnerioides n. sp. All parts of the plant 
subhirsiite with straight or slightly cuiA^ed, flattened, white 
hairs, tapering regularly from the base to the apex; stem herba¬ 
ceous or suffruticose, strongly angled above, becoming glabrous 
with age; leaves obovate-oblong, thin and membranous, the 
largest 24 cm. long by 8.5 cm. wide, acuminate, minutely 
denticulate with callous, mainly intramarginal teeth (about 
5-7 teeth per cm. of margin, 0.4 mm. high), acuminate at base 
into an indefinite petiole 2-3 cm. long, thinly pubescent above, 
more densely beneath, especially along the principal veins; 
lateral veins about i cm. apart, widely divergent and arcuately 
ascending; inflorescence a terminal raceme, at length elongate; 
floral leaves oblong, sessile, 2-3 cm. long, densely pubescent; 
pedicels slender, 2 cm. long; hypanthium iirceolate-liemispheric, 

4 mm. long, 7 mm. wide when - pressed, densely pubescent; 
sepals triangular, erect or somewhat spreading, 16 mm. long, 

5 mm. wide at base, acuminate, sparsely denticulate; corolla 
red, conspicuously hirsute, especially distally, 30 mm. long, 
the tube prominently decurved, 25 mm. long, the lobes triangular- 
falcate, acuminate, deflexed; filaments hirsute, especially toward 
the summit, exserted 3-4 mm.; anther-tube 7 mm. long, sparsely 
pilose, the two lower anthers with a cartilaginous appendix. 
Fig.'2.' 

Type, Piitier 6gi, collected Dec. 1905, Cuesti de Tocoti, 
road from Buenaventura to Cali, Dept. El Valle, Colombia, 
altitude 1500-1900 m., and deposited in the United States Na¬ 
tional ; Herbarium. The species is' sharply differentiatedfrom.; 

Gleason by its larger'sepals and-hirsute pubescence;; 
-from- C.'gesnera^ormis: Drake by its longer sepals, /longer -hairs,: 
and;'hirsute'.anthers.- 



54 


BULLET! ISr OF THE TORREY CLUB 


[vOL. 52 


9, C. GESNERAEFORMis Drake, Jour, de Bot. 3 : 

239. 1889. 

Peru: Muna, Dept. Huanuco, alt. about 7000 ft., Machride 
3982, 23 May“4 June 1923. Ecuador: Huacapamba, near Loja, 
Poortman 224 (type, herb. Mus. Paris). Colombia; “Balsillas"’ 
on Rio Balsillas, Dept, Huila, alt. 2100-2200 m., Rushy & Pen¬ 
nell 816, 3"“5 Aug. 1917; “La Gallera,” Micay Valley, Dept 
Ei Cauca, ait. 1400-1500 m., Killip 7700, 29-30 June 1922. , 

10. Centropogon angustus n. sp. Stem herbaceous, 6-12 
dm. high, prominently grooved, closely and finely pubescent; 
leaves thin, membranous, narrowly oblong, 14-17 cm. long, 
2.5-3 cm. wide, long-acuminate, prominently and irregularly 
serrulate (about 6 teeth per cm. of margin, 0.5-1 mm. high), 
each tooth with a narrow intramarginal callosity, long-cuneate 
at base into an indefinite petiole 1-2 cm. long, minutely and 
sparsely puberulent on the surface, densely pubescent on the 
veins above, sparsely short-hirsute on the veins beneath; lateral 
veins inconspicuous, 5-8 mm. apart, strongly ascending; in¬ 
florescence a crowded terminal raceme, the floral leaves resemb¬ 
ling the cauline in form, and pubescence gradually reduced in 
size from 10 to 2 cm, in length; pedicels slender, finely pubescent, 
3 cm. long at anthesis, ultimately elongating to 7 cm.; hypan- 
thium urceolate-hemispheric, 4 mm. long, 7 mm. wide when 
pressed, thinly pubescent with short, straight, white hairs; 
sepals erect, narrowly triangular, ii mm. long, 3.5 mm. wide 
at the base, acuminate, entire, pubescent like the hypanthium; 
corolla red, slightly decurved, about 30 mm. long, the tube 22 
mm. long, minutely puberulent, the lobes narrowly triangular- 
falcate, acuminate, deflexed; filaments barely exserted, essenti¬ 
ally glabrous; anther-tube 6-7 mm. long, glabrous, the two 
lower anthers with a cartilaginous appendix. Fig. 3. 

Type, Machride 4967, collected 17-26 July 1923, at Viica- 
bamba, hacienda on Rio Chinchao, Dept. Huanuco, Peru, alti¬ 
tude about 6000 feet, and deposited in the herbarium of The New 
York Botanical Garden (duplicate in herb. Field Museum). The 
species is distinguished from all of its relatives, including C. con- 
^gesms Gleason, C, gesneraeformis Drake, and C, gesnerioides Glea¬ 
son, by its narrow leaves and sepals, its large floral leaves, and 
elongate pedicels. 

ij.' Centropogon serratus n. sp. Stem shrubby, ■ climbing, 
densely pubescent or subtomentose above with stout, flattened, 
crooked, pale brown hairs, glabrescent with age, the internodes 
2-4 cm. long; petioles stout, 5-8 mm. long, pubescent like the 
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Stem; leaf-blades thin and membranous, broadly elliptic, 8-9 
cm. long, 4.5 cm. wide, obtuse, broadly cuneate and somewhat 
inequilateral at base, prominently serrate (2-3 teeth per cm. 
of margin, 1-1.5 ^nm. high), each tooth with an oblong intra- 
marginal callosity, verv- sparsely short-hirsute with pale brown 
hairs above, more prominently so on the surface beneath and 
densely on the principal veins; lateral veins 8-12 mm. apart, 
ascending at an angle of 45^, veinlets inconspicuously reticulate; 
inflorescence a crowded terminal raceme; floral leaves obovate, 
20-25 mm. long, 12-17 mm. wide, short-petioled, pubescent like 
the cauline, but more densely; pedicels 2-3 cm. long, pubescent 
like the stem; hypanthium broadly hemispheric, 5 mm. high, 
8 mm. wide when pressed, thinly hirsute wdth the same type of 
hairs; sepals erect, narrowly triangular, 6 mm. long, 3 mm. 
wide at base, densely hirsute, entire, separated by acute sinuses; 
corolla red, 45 mm. long, thinly pubescent with stout, flattened, 
white hairs, the tube straight, 40 mm. long, the lobes triangular- 
falcate, strongly deflexed; filaments barely exserted, glabrous; 
anther-tube 7 mm. long, purple, sparsely short-hirsute at the 
apex, the tw^o lower anthers with a cartilaginous appendix. 
Fig. 4. 

Type, Killip 9759, collected 14 Aug. 1922, Quebrada Caja- 
marca to “Mermillon,” New Quindio Trail, Dept. Tolima, Co¬ 
lombia, and deposited in the herbarium of The New York Botan¬ 
ical Garden. The species is well characterized by its promi¬ 
nently serrate leaves, its coarse subtomentose pubescence, and 
its large corollas. 

12. Centropogon curvatus n. sp. Stem apparently herba¬ 
ceous, angled, sparsely pubescent above, soon becoming glabrous, 
the internodes 1-2 cm. long; leaf-blades narrowly eiliptic-oblong, 
thin and membranous, 15-20 cm. long, 3-4, or rarely 5, cm. 
wide, acuminate, minutely denticulate with barely salient 
callous teeth (about 2 teeth per cm. of margin, 0.2 mm. high), 
acuminate at base into an indefinite petiole 12-20 mm. long, 
glabrous on both sides; lateral veins 15-20 mm, apart, ascending 
at an angle of 45^, the veinlets obscure and reticulate; inflores¬ 
cence a terminal, few-flowered, subcapitate raceme, the flora! 
leaves 15 mm. long; pedicels pubescent, 8-10 mm. long; hypan- 
thiam broadly hemispheric, 3 mm. high, 7 mm. wide when 
pressed, sparsely and minutely pubescent; sepals erect, appressed, 
triangular, 2.5 mm. long, 1.5 mm. wide at base, acute, minutely 
ciliate, separated by broad sinuses; corolla 38 mm- long, minutely 
puberuient, the tube prominently decurv^ed and 12 mm. wide 
at the throat, the, lobes broadly triangular-falcate, short, acumi¬ 
nate, deflexedfilaments glabrous, 'becoming/pubescent at ■the 
.'summit, exserted 5-8 mm.; anther-tube 9'mm.'long, densely' 
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pubescent on the dorsal side with purple hairs, the two lower 
anthers with a cartilaginous appendix. Fig, 5. 

Type, Rusby & Pennell 948, collected i-8 Aug. 1917, east of 
Neiva, Dept. Huila, Colombia, altitude 1300'-! 800 m., and de¬ 
posited in the herbarium of The New York Botanical Garden^ 
The species is distinguished from others of this group with mi¬ 
nute sepals by its unusually long and stout corolla. 

13 . Centropogon parvulus n. sp. Stem climbing, faintly 
striate or somewhat angled above, closely and scabrously pubes¬ 
cent, the internodes 2.5-5 cm. long; petioles stout, puberiilent, 
4 mm. long; leaf-blades oblong-lanceolate or narrowly oblong- 
elliptic, 8-12 cm. long, 25-35 wide, acuminate, sharply 
serrulate (2-3 teeth per cm. of margin, 0.5 mm. high), gradually 
tapering to an acute base, glabrous above, minutely puberiilent 
on the plane, prominently reticulate veins beneath; inflores¬ 
cence a crowded terminal raceme, eventually elongate; floral 
leaves reduced to subulate bracts 4 mm. long; pedicels 15-25 
mm. long, minutely bracteolate near the base; hypanthiiim 
subglobose, 7 mm. long, 6 mm. wide when pressed, glabrous; 
sepals appressed, triangular, 3 mm. long, i mm. wide at base, 
glabrous, separated by broad flat sinuses; corolla yellow, red 
toward the base, strongly decurved, scabrellate, the tube 30 
mm. long, the lobes broadly triangular-falcate, strongly deflexed, 
the upper 10 mm. long; filaments included; anther-tube densely 
hirsute with pale yellow hairs, the two lower anthers with a 
cartilaginous appendix. Fig. 6 , 

Type, Machride 4848, collected 19-23 June 1923, Guslii, Peru, 
altitude about 5000 feet, and deposited in the herbarium of The 
New York Botanical Garden (duplicate in herb. Field Museum). 
Its nearest relative is C. amiatus Wimmer, in which the calyx 
and corolla are strongly hirtellous and the sepals recurved at the 
apex. 

14.. Centropogon arcuatus Wimmer, Repert. ■ 

Spec. Nov. 19:242. 1924. 

Ecuador : Andes, Spruce 537s (duplicate of type in herb. Kew, 
Gray). ' 

, 15. Centropogon cuspidatus A, DC. Prodr.; ' 

7:346. 1839. 

', Peru: LaMerced, alt. nbout 4000 it,, Macbride3654, 27'Aug. 
-I Sept.; 1923; Pampayacu, alt. '3500 I9“*25, 

July ■i923;T)£?m-fey (type, herb.'Mus. Paris). ■ 
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i6. Centropogon beslerioides (H.B.K.) A. DC. 

Prodr. 7 : 346. 1839. 

Lobelia beslerioides Nov. Gen. & Sp. 3 : 306. 1818. 

Colombia: Popayaii Andes (?), Bonpla-nd (type, herb. Mus. 
Paris); “Pinares” above Salento, Dept. Caldas, alt. 2700-“ 
2900 m., Pennell pjjj, 2-10 Aug. 1922; “Alaska” above Salento, 
alt. 3100--3400 m., Pemiell, 9376, 7 Aug. 1922. 

17. Centropogon pedicellaris n. sp. Stem herbaceous or 
suffriiticose, irregularly striate when dry, glabrous below the 
inflorescence, the internodes 3-'6 cm. long; petioles 15 mm. long, 
glabrous, flat, somewhat winged by the decurrent blade; leaf- 
blade elliptic-obovate, thin and membranous, bright green, the 
largest 17 cm. long by 7 cm. wide, the upper gradually reduced, 
abruptly narrowed into a rounded, sometimes mucronulate 
cusp 3 mm. long, minutely denticulate with broad, rounded, 
callous teeth (3-4 teeth per cm. of margin, barely salient), cuneate 
or acuminate at base, glabrous; veins plane but conspicuous, 
the laterals I0“I5 mm. apart, ascending at an angle of 45°, the 
veinlets reticulate; inflorescence a subcapitate raceme, soon 
becoming elongate, the axis hirtellous; floral leaves obovate, 
persistent, obtuse, scabrellate-pubescent, 15-^20 mm. long at 
anthesis, enlarging to 4-5 cm. long; pedicels slender, hirtellous, 
equaling the subtending leaves, after anthesis persistent, strongly 
angled, much thickened, and strongly curved; hypanthium 
hemispheric, 5 mm. high, 7-8 mm. wide when pressed, sparsely 
pubescent; sepals somewhat spreading, narrowly triangular, 9 
mm. long, 2 mm. wide at base, puberuient, especially on the 
inner face, separated by narrow but flat sinuses; corolla red, 
sparsely puberuient, the tube nearly straight, 40 mm. long, 
the lobes triangular-falcate, 9--12 mm. long; filaments not ex- 
serted, glabrous; anther-tube 8 mm. long, glabrous, the two 
lower anthers with a cartilaginous appendix. Figs. 7, 8. 

Pennell fdip, collected i July 1922, “San Jose/’ San 
Antonio, Dept. El Gauca, Colombia, altitude 2100-2500 ni., and 
deposited in the herbarium of The New York Botanical Garden, 
Another collection from the same locality is Pennell ' & iKillip 
7414^ 28 June 1922. Lehmann 988 is also assigned to this spe¬ 
cies. In foliage and floral characters, €. ■ 'pedicellaris stands 
close to C, grandis (LA) Presl, but is, distinguished by its elon¬ 
gate raceme, its longer sepals with flat sinuses,, and especially by 
its persistent thickened pedicels. ■ 

The same; herbarium, contains four sheets , GolIe,cted': in the 
same immediate .'vicinityLa'Gallera,” Micay Valley, two 



58 


BULLETIN OF THE TORREY CLUB 


[vOL. 52 


of them on the same day as the type, in which the leaves are pro*- 
portionately longer and much more acuminate, the floral leaves 
narrow^er and sharply acute, and the raceme less elongate. These 
may be tentatively considered as a variety of C. pedicellatis, 
under the name gallerensis n. var. They are Killip yyoi (type), 
collected 29-30 June 1922 (duplicate in U. S. Nat Herb.) Killip 
7^95. 794S. and 

18. Centropogon ciiiatus n. sp. Stem, foliage, inflorescence, 
hypanthium, calyx, and corolla glabrous; stem apparently 
herbaceous, greenish-brown, somewhat grooved or angled; leaf- 
blades obovate, deep green, membranous, 14 cm. long, 55-65 
mm, wide, abruptly acuminate, cuneate at base into an indefinite 
petiole as much as 8 mm. long, sharply and finely denticulate- 
ciliate with triangular, callous-acuminate teeth, interspersed 
wdth slender, subuiate, callous teeth of the same length (about 
16 teeth per cm, of margin, 0.6-1 mm. long); veins barely elevated 
beneath, the laterals 10-15 mm. apart, broadly divergent and 
curved-ascending, the veinlets inconspicuously reticulate; in¬ 
florescence a subcapitate raceme; floral leaves ovate-oblong, 
10-18 mm. long, acuminate, ciliate-denticulate; pedicels 3 cm. 
long; hypanthium urceolate-hemispheric, 5 mm. long, promi¬ 
nently 5-gibbous above the base; sepals erect, narrowly triangular, 
10 mm, long, sparsely denticulate near the tip; corolla bright 
red, the tube slightly curved, 28 mm. long; filaments not ex- 
serted; anther-tube densely hirsute on the dorsal commissures 
wdth purple hairs, the two lower anthers with a cartilaginous 
appendix. Fig. 9. 

Type, Macbride 4028, collected 23 May-4 June 1923, iri 
dense forests at Mima, Peru, altitude about yooo feet, and depos¬ 
ited in the herbarium of The New York Botanical Garden (dup¬ 
licate in herb. Field Museum). The species is distinct within 
the group Amplifolii by its peculiar ciliate-denticulate leaves. 

19. Centropogon aggregatus (Riisby) Gleason, 

Bull. Torrey Club 48 : 199. 1921. 

Siphocanipyltis aggregatus Rusby, Bull. N. Y, Bot, Card. 8: 122. 

1912.' 

Bolivia: Rio Machochorisa, near At6n, Dept. La Paz, alt. 
,3500'ft.,' Williams 25yp (type, herb. N. Y. B. G.),, 4,: Aug., 1902.. 

20. Centropogon speciosus Planch. Flore 
Serres 6 : 16. 1850-51. 

Venezuela: Colonia Tovar, 72^; M6rida, altitude 

6000 ft., Funck & Schlim (type, herb. Mus. Paris).' Colombia:' 
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La Ciimbre, Dept. Ei Valle, alt. 1550-2000 m., Pennell S150, 7-10 
May 1922, Hami 11-16 July 1922, Killip & Hami 

9 Sept 1922. 

21. Centropogon albolimbatus Wimmer, Repert, 

Spec. Nov. 19: 242. 1924. 

Colombia: near Fusagasuga, Dept. Cundinamarca, Linden 
864 (duplicate of type in herb. Mus. Paris); Jervise; Triana. 

22. Centropogon prostratus Benth. PI. Hartw. 

212. 1845. 

Ecuador; Quito Andes, Hartweg 212 (type, herb. Kew). 

23. Centropogon solanifolius Benth. PI. Hartw. 

139. 1844. 

Ecuador: Mountains of Paccha [Prov. Ei Oro] Hartweg 77Q 
(type, herb. Kew). 

24. Centropogon Planchonis Zahlbr., Repert. 

Spec. Nov. 14:133. 1915. 

Colombia: Rio Buga, near Cauca, alt. 1600 m., Lehmann 776 
(type); “Miraflores,” Palmira, Dept. El Valle, alt. 1800-2100 m., 
Killip 6144, 27 May 1922; La Cumbre, El Valle, alt. 1600- 
1800 m., Killip & Hazen 11114^ 9 Sept. 1922; Popayan, Dept. 
El Cauca, alt. 1600-1700 m., Pennell & Killip 7192, 24, 26 June, 
1922; Apia, Dept. Caldas, alt. 1600-1900 m., Pennell 10284, 4-5 
Sept. 1922; Rio San Rafael, below Cerro Tatama, Caldas, alt 
2200-2400 m., Pennell 10321, 7-11 Sept. 1922; “La Virginia,’’ 
Libano, Dept. Tolima, alt 1200-1500 m,, Pennell 3272, 22 Dec. 

1917- , 

Centropogon, Group Axillares 

Among the species with axillary flowers and appendiculate 
anthers, including C. cormdus (L.) Druceand C. Benth., 

the following' two,,undescribed species have been,distinguished. 

Centropogon decemlobus n. ' Sp. Stem, shrubby/irregularly 
grooved and angled or somewhat flattened, glabrous, the inter¬ 
nodes eventually 5 cm. ong; petioles slender, glabrous, i cm. 
long; leaf-blades membranous, pale green, narrowly ovate, 7-12 
',cm.'.long,''3-5 cm. wide,„,the,upper.gradually Teduced/abruptly 
' acuminate ,to '■,an' obtuse,' ■ mucrohulate tip>;' ,',minutely' • se,rru!ate, ■ 
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with low, appressed or incurved teeth (about 3 teeth per cm. of 
margin, 0.3 mm. high), abruptly narrowed to a short-curieate, 
somewhat iiiequiiateral base, glabrous; lateral veins 7-9 mnu 
apart, broadl}^ divergent, curved-ascending, the |■)lane wdnlets 

prominently reticulate beneath; peduncles axillary, 8.-15 nini. 

long, closely pubescent, subiilately bracteolate near the l:)ase; liy- 
panthiiim hemispheric, 5 mm. high, 8 mm. wide when pressed, 
glabrous; sepals appi'essed, ovate-triangular, 2“'3 mm. long, 2 
mm. wide at the base, acute, entire, glabrous, separated by broad, 
distinctly convex or semicircular sinuses; corolla red, 45 mm. 
long, minutely puberulent, the tube 38'mm. long, slightly de- 
curved, the lobes triangular-falcate; filaments exserted 2-5 mm., 
glabrous; anther-tube glabrous, 8-9 mm. long, the two lower 
anthers tipped with a cartilaginous appendix. Fig. 10. 

Type, Pennell 10,233, collected 3 Sept. 1922, San Jose, Dept. 
Caldas, Colombia, altitude 1500-1800 m., and deposited in the 
herbarium of The New York Botanical Garden. Another col¬ 
lection is Pennell 10,603, Santuario, Dept. Caldas, alt. 2000- 
2300 m., 13-14 Sept. 1922, bearing depressed-globose fruits, and 
with most of the leaves sharply acuminate. 

Centropogon Purdieanus n, sp. Stem herbaceous, probably 
climbing, strongly grooved and angled, thinly scabrellate- 
pubescent, the internodes 2-4 cm. long; petioles slender, 12- 
15 mm. long, pubescent; leaf-blades oblong-ovate, somewhat 
falcate, 8-11 cm. long, 3-4 cm. wide, acute, crenulate, with 
triangular callous teeth between the crenations (about 3-4 teeth 
per cm. of margin), broadly cuneate to obtuse and somewhat 
inequilateral at base, sparsely puberulent on both surfaces, 
especially on the veins beneath; lateral veins 12-18 mm. apart, 
strongly curved-ascending, anastomosing near the margin, the 
veinlets plane and reticulate; peduncles axillaiyy 12-15 mm. 
long, densely pubescent; hypanthium broadly hemispheric, 
5 mm. high, 9 mm. wide when pressed, thinly but closely pubes¬ 
cent; sepals erect or somewhat spreading, broadly triangular, 
1.5-2 mm. long and wide, thinly pubescent; corolla 5 cm. long, 
somewhat decurved, sparsely pubemlent, red, the lobes triangu¬ 
lar-falcate; filaments glabrous; anther-tube 9 mm. long, giabroUvS 
except for a few white hairs near the tip, the two lower tipped 
with a cartilaginous appendix. Fig. ii. 

Type, collected in the mountains of New Granada, 

and deposited in the Gray Herbarium. The herbarium at Kew 
Gontains six sheets of this' species, all collected by Purdie, and 
. probably all .duplicates. .One bears the number ^ ^ seeds' 640'' 
and some are labeled '‘woods of. Antioquia.” ' The species differs 
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from C, decemlobus Gleason in the conspicuous pubescence which 
extends to almost every part of the plant. 

Recent' collections in Ecuador and Colombia also include 
four undescribed species with axillary peduncles and penicillate 
anthers. 

Centropogon leticophyllus n. sp. Stem herbaceous, 
striate, minutely puberuient when young, becoming glabrous 
on the first expanded'internode; petioles 8“'20 mm. long, about 
one third as long as the blade, margined, ciliate; leaf-blades 
ovate, 35-60 mm. long, 14-28 mm. wide, acute or subacuminate 
to a blunt tip, crenate (about 4 or 5 teeth per cm. of margin, 
0.5 mm. high or less), broadly obtuse to rounded and somewhat 
inequilateral at base, dull green and glabrous above, pale 
green and very minutely puberuient beneath; lateral veins 4-6 
pairs, mostly approximate toward the base of the blade, strongly 
ascending, veiniets inconspicuous, scarcely anastomosing; pe¬ 
duncles axillary, 3-5 cm. long, slender, minutely puberuient, 
subulate-bibracteolate near the base; hypanthium hemispheric, 
4 mm. high, 6 mm. wide when pressed, minutely puberuient; 
sepals widely spreading to subrefiexed, oblong-triangular, 8 mm. 
long, 2.5 mm. wide at base, tapering regularly to the apex, 
minutely ciliate and puberuient, with 2 or 3 teeth on each side, 
separated by narrow acute sinuses; corolla purple, tipped with 
white, minutely puberuient, the tube lightly decurved, about 
25 mm. long, the lobes almost straight, the upper oblong, 8 mm. 
long, the lateral and lower triangular, 5-6 mm. long; filaments 
not exserted, glabrous; anther-tube 5 mm. long, glabrous, the 
two lower anthers penicillate; fruit a berry. Fig. 12, 

Type, Pennell io,4gOy collected 8~io Sept. 1922, Cerro 
Tatama, Dept. Caldas, Colombia, altitude 3200-3400 m., and 
deposited in the herbarium of The New York Botanical Garden. 
Other collections are Pennell io,4ig, Rio San Rafael, below Cerro 
Tatama, altitude 2500-2800 m., 7-11 Sept. 1922; Pennell pjii, 
“Pinares” above Salento, Dept. Caldas, alt. 2700-2900 m., 2-10 
Aug. 1922; and Dawe 736, Ruiz, at Termales, alt. 3000 m., 1918, 
These specimens are constant in the character of the flower, ve¬ 
nation, and pubescence, but differ considerably in the size and 
shape of their'leaves.' In Dawe’s collection these are broadly 

■ ovate, blunt at the apex, truncate or subcordate at base,.and not, 

■ exceeding 25 by' 30 mm. in size; in pj5/ they are oblong-ovate, 
as large as 26' by 58^ mm.; and in 10,419, which was noted by'the 

' collector ',as growing, in the shade, they are , very thin,' elongate- 
ovate, and as "large as 46 by,96 mm,. ■ 
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CentropogOE carpinoides n. sp. Stem herbaceous, glabrous, 
pale greenish brown or purplish, strongly and irregularly grooved 
and angled, the internodes mostly 2-4 cm* long; petioles slender, 
2-3 cm. long, narrowly margined, minutely puberiilent; leaf- 
blades membranous, triangular-ovate, 5-6 cm. long, 35"^45 
wide, or the upper notably reduced, broadest near the base, 
gradually tapering or subacuminate to a blunt apex, broadly 
cuneate to truncate or subcordate at the inequilateral base, 
prominently crenate (3-7 teeth per cm. of margin, 0.4-1 mm. 
high), dull green and glabrous above, minutely pubescent on 
the veins beneath; lateral veins 4-7 pairs, about half of them 
approximate in the basal fourth of the blade, strongly ascending, 
the veinlets inconspicuously reticulate; peduncles numerous, 
axillary, about 25 mm. long, glabrous, the prominent subulate 
bracteoles 5 mm. long; hypanthium hemispheric, 5 mm. high, 
6 mm. wide when pressed, glabrous; sepals erect or somewhat 
spreading, foliaceous, triangular-lanceolate, 12 mm. long, 2 mm. 
wide at base, acuminate, glabrous, reticulatcly veined, with 1-3 
salient callous teeth on each side, separated by narrow acute 
sinuses; corolla apparently red, tipped with white, thinly puberu- 
lent, the tube 3 cm. long, nearly straight, the upper lobes oblong, 
9 mm. long, nearly straight, the lateral and lower triangular- 
falcate, decurved, 6 mm. long; filaments not exserted, glabrous; 
anther-tube glabrous, 5 mm. long, the two lower anthers peni- 
cillate; fruit a globose dry berry, 18 mm. in diameter. Fig. 13. 

Type, Pennell 10,348, collected 7-11 Sept. 1922, Rio San 
Rafael, below Cerro Tatama, Dept. Caldas, Colombia, altitude 
2400-2600 m., and deposited in the herbarium of The New York 
Botanical Garden. Closely related to C. leucaphyllus Gleason, 
from which it differs in its glabrous stem and leaf-surface, its 
glabrous hypanthium, its longer, reticulately-veined and gla¬ 
brous sepals, its narrower petioles, and strongly grooved stem. 

Both species are related to C. erythranthus Zahibr., in which 
the leaves are coarsely and irregularly toothed and distinctly 
narrowed to the base, and the anthers are villous. It may be 
noted that the length of the sepals in the type specimen of C. ery-\ 
thranthus is only 6-7 mm., instead of 11-13 mm. as stated by 
Zahlbruckner. 

Gentropogon griseus n. sp. Stems stout, woody, striate, 
gray with short but close pubescence, the internodes 1-3 cm. 
long; petioles slender, 12-15 mm. long, densely gray-pubescent 
or subtomentose; leaf-blades firm, broadly ovate, 4-6 cm. long, 
25-35 mm. wide, abruptly acuminate, minutely serrulate with 
appressed'teeth (about'6,teeth per'cm. of margin,'0.2 mni.liigh), 
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broadly truncate to subcordate below and abruptly cuneate to 
the petiolej minutely puberulent above, thinly pubescent 
beneath, especially along the principal veins; lateral veins 4 or 
5 pairs, ascending at an angle of about 45*^, anastomosing near 
the margin, the veinlets inconspicuous; peduncles axillary, 3-5 
cm. long, densely pubescent or subtomentose, callous-bracteolate 
at the base; hypanthium semi-ovoid, 4 mm. long, densely pubes¬ 
cent; sepals thick, erect, narrowly triangular, 3.5 mm. long, 
obtuse, densely pul 3 escent; corolla 3 cm. long, thinly puberulent, 
the tube almost straight, strongly contracted above the base, 
gradually expanded to the throat, the lobes narrowly triangular- 
falcate, strongly decurved; filaments exserted about 5 mm., 
conspicuously villous; anther-tube 7 mm. long, prominently 
white-villous in the furrows, the two lower anthers penicillate. 
Fig. 14, 

Type, Rose & Rose 2j,j83, collected 6-15 Oct. 1918, Porto- 
viejo, Ecuador, and deposited in the United States National Her¬ 
barium. Undoubtedly related to the two preceding species, but 
sharply distinguished from them by its dense and close pubes¬ 
cence and short sepals. 

Centropogon Hitchcockii n. sp. Stem simple, erect, 12-18 
dm. high, grooved, sparsely tomentulose when young, glabres- 
cent with age, the internodes 5-10 mm. long; petioles slender, 
sparsely pubescent, 10-12 mm. long; leaf-blades thin, oblong- 
linear, somewhat falcate, 10-12 cm. long, 13-16 mm. wide, 
long-acuminate, conspicuously denticulate, with black, callous, 
salient, subulate teeth (about 7 teeth per cm. of margin, 0.4-0.5 
mm. high), long-cuneate to the base, thinly pubescent above 
with short, fiat, crooked, pale brown hairs, pubescent on the 
veins beneath with the same type of hairs, densely so or tomentu¬ 
lose on the midvein; lateral veias about i cm, apart, ascending 
at an angle of about 30°, the veinlets closely but inconspicuously 
reticulate; peduncles axillaiyp 8-9 cm. long, tomentulose above 
to thinly pubescent at the base with crooked hairs, ebracteolate; 
hypanthium urceolate-hemispheric, 5 mm. high, 8 mm. "wide 
when pressed, prominently ribbed or angled, densely pubescent; 
sepals recurved, linear, 14 mm. long, thinly pubescent on the 
outer face and margin, frequently involute, entire, separated 
by rounded, narrow sinuses; corolla red, softly pubescent with 
white, red-tipped hairs, the tube slightly curved, 3 cm. long, 
the lobes triangular-falcate, decurved, the upper 10 mm^., the 
lower 6 mm, long; filaments exserted 10 mm., minutely villous; 
anther-tube 8 mm. long, densely hirsute, especially distally, 
with purple hairs, the two lower bearded at the apex. FlO. 15. 

' Type, i2-i3_:Sept.'';i923,;''b^^ 

Cuenca and' Huigra, Ecuador,- altitude 27oo^3GqQ:m.f ^ 
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ited in the herbarium of The New York Botanical Garden (diip- 
iicate in U» S. National Herbarium). The species finds its near¬ 
est relative in C. Sodiroanus Zahlbr., in which the leaves^ ai- 
though narroWj are proportionately broader, the sepals only 
8 mm. long and strictly erect, the foliage and flowers glabrous, 
and the anther-tube covered with white hairs. 

SiPHOCAMPYLUS NIYEUS AND TWO RELATED SPECIES 

A small group of Andean species of Siphocampylus is strik¬ 
ingly characterized by a broadh^ campanulate, almost regular 
corolla, with unusually short triangular lobes, and by heavy, 
rugose leaves densely covered on the lower surface by white or 
gray tomeotum. Three species are represented in the collec¬ 
tions of the National Herbarium, the Gray Herbarium, and The 
New York Botanical Garden, distinguished as follows: 


Sepals narrowly oblong, 2-3 mm. wide, 8-10 mm. long.. ... S. Jamesonianus 
Sepals narrowly linear, i mm. or less wide, 8-12 mm. long. 

Leaves elliptic, broadest at or below the middle, obtuse 
at the base; corolla somewhat decurved, 12-15 

wide at the throat when pressed... 5 . fmeus 

Leaves narrowly oblong-obovate, broadest above the 
middle, long-cuneate at the base; corolla straight, 20 
mm. wide at the throat when pressed.... S, Pennellii 


Siphocampylus Jamesonianus (Presl) A. DC. in DC. 
Prodr. 7 : 402. 1839; Jameson, Syn. PI. Aequat. 2: 

179 ' ^ 

Lobelia Jamesoniana Presl, Prodr. Monog. LobeL 36. 1836. 

Lobelia pulverulenta Hook. Jour.'Bot. Hook. 1: 231. pk 131. 

1834; not L. puheridenta Pers. 

Byrsanthes Halliana Presl, L c, ^2. 1836. 

Siphocampylus Halliantis Vatke, Linnaea 38 : 732. 1874. 

Ecuador: Ambato, Prov, Tungurahua, Pachano 182, -March 
T919; Spruce 4976. Jameson's type locality was vicinity, of 
Banos, Prov. Tungurahua, alt. 6000 feet. 

Siphocampylus niveus (Willd.) Vatke, Linnaea 

38 : 732. 1874. 

Lobelia nivea Willd.; Roem. & Schult. Syst. 5 : 58. T819. ■ 
Siphocampylus lanatus Benth. PL Hartw.,,214,. ' ■ 1845. 
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Colombia: Bogota, Bonpla?id (type); Triana IS56; Ilartweg 
1188 (type of S. lanatus)^ Purace, Prov. Popa^'an [Dept, El 
Cauca]; Lehmann Sdjg; Pennell of Killip 6451^ ‘‘'San Isidro/' 
Purace, Dept. El Cauca, alt. 2200-2500 m., lo-ii June 1922. 

Siphocampyltis Peimellii n. sp. Stem herbaceous, stout, 
erect, densely white-lanate above, becoming glabrous with age; 
leaves crowded, the internodes about i cm. long, ascending, 
coriaceous, narrowly obiong-obovate, the largest 15 cm. long 
by 3.5 cm. wide, the upper gradually reduced to 7 cm. long by 
2 cm. wide, rounded at the apex, broadest well above the middle, 
entire, cuneate at the base, on stout, tomentose petioles 10-15 
mm. long, above dull green, glabrous, shining, and strongly 
rugose with deeply impressed veins, beneath densely white- 
tomentose; peduncles stout, ascending, 6-12 cm. long, exceeding 
the subtending leaves, ebracteolate, densely tomentose; hyp- 
anthium broadly obconic, 10 mm. high, 5-ribbed, densely tomeii- 
tose; sepals linear, ascending, 8 mm. long, somewhat involute, 
densely tomentose on the outside, thinly ianate wdthin; corolla 
broadly campanuiate, densely white-tomentose without, yellow¬ 
ish-white, glabrous, and strongly rugose within; tube about 
20 mm, long, 22 mm. wide at the throat when pressed, the lobes 
erect, broadly triangular-ovate, subequal, acute or subacuminate, 
the largest 12 mm. long by 10 mm. wide, the smallest 8 mm. long 
by 9 mm. wide; filaments glabrous, shorter than the corolla- 
lobes; anther-tube gently decurved, 9 mm. long, glabrous or with 
a few long white hairs in the commissures, all anthers densely 
bearded at the summit with y^ellowish hairs; fruit a capsule. Fig. 
16. 

Type, Pennell "jSog, collected 29-30 June 1922, on Mount 
Trompo del Puerco, Dept. El Cauca, Colombia, altitude 2500- 
2900 m., and deposited in the herbarium of The New York Botan¬ 
ical Garden.' 

SlPHOCAMRYLUS UMBELLATUS AND THREE NEtY RELATED SPECIES 
SiPHOCAMPYLUS DMBELLATUS (H.B.K.) G. DoB, ' /' 

Gen. Syst. 3 : 702. 1834. 

? Lobelia gigantea Cav. Ic. 6: 9, pL 51J. 1801. 

Lobelia nmbellata H.B.K. Nov. Gen. & Sp. 3 : 304. pL.268. ^ 1818/ 
Wind.; Spreng. Syst. 1: 709. 1825. ■, 
Siphocampylus ayavacensisStend.t Nomencl. ed. 2. 2; 63. 1840. 

.Until the type specimen of Cavanilles shall have been.exa.m- 
ined, and its'identity with' L. ufnbell^taM 3 ,K* established'Or re- 
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fiited, G. Don’s name for this widely variable species had best 
be maintained. If the two are identical, and it is quite probable 
they are, the name will become S. giganteiis (Cav.) G» Don 
(type locality, between Guaranda and the mountain of San 
Antonio, Prov. Bolivar, Bolivia). Willdenow’s name was a mere 
manuscript note written by him on a specimen of this species 
collected by Bonpland at i\yavaca, Dept. Piura, Peru, and doubt¬ 
less a duplicate of the type of L, iimbellata H.B.K., apparently 
in a desire to conserve the name L, iimhellaia Vest, published in 
1819. 

Few species of the genus are so well represented in herbaria, 
and but few others show such a wide variation, extending to the 
proportion and tomentum of the leaves, the amount of pubes¬ 
cence on the anthers, and the length, pubescence, and serration 
of the sepals. I have not been able to recognize lines of specific 
demarcation among them. The sheets examined by me are 
Andre 2g28, Anthony & Tate, Bonpland (3), Couthoy, Hall 57, 
Jameson 238,613, Spruce, Spruce 5164, Triana 1571, and the 
following recent collections—Colombia: “Canaan,” Mt. Purace, 
Pennell KilUp 6500, ii“i3 June 1922; “La Gallera,” Micay 
Valley, Dept. El Cauca, KilUp 7979, i July 1922. Ecuador: “ La 
Rinconada,” between Ibarra and Tulcan, Prov. Carchi, Hitch¬ 
cock 20,932, lo-ii Aug. 1923; vicinity of Nab6n, Prov. Azuay, 
Rcse, Pacliano Rose 23,019, 25 Sept. 1918; vicinity of Cuenca, 
Prov. Azuay, Rose, Pachana & Rose 23,806, 17-24 Sept. 19x8; 
between Cuenca and Huigra, Prov. Canar, Hiichock 21,668, 12-13 
Sept. 1923; vicinity of Canar, Rose & Rose 22,714, 15 Sept. 1918; 
Mt. Pichincha, Mille 339; Tambillo, Prov. Pichincha, Milk 
373, Aug. 1923. Altitudes are 2200-3400 m. 

The following three species are of the same general affinity, 
having large coarse flowers, varying from greenish-yellow to 
nearljr white in color, but differing conspicuously in the charac¬ 
ters of the hypaiithiura or calyx. 

Siphocampylus cylindriciis n. sp. Stems suffruticose, 10-15 
dm. high, thinly tomentulose above, becoming merely puberulent'; 
in age, the internodes 5-15 mm. long; petioles stout, tomentose, 
10 mm. long; leaf-blades firm, ovate-elliptic, 20-25"cm.; long, 
7-9 cm, wide, obtuse, broadly cuneate to an obtuse or subacute 
base, finely' denticulate with blunt,'broadly • triangular teeth 
'(about, 4 teeth per cm.^ of margin,"o.4~o.6' mm. high), "above 
dark "green, ruguJose,,'thinly pubescent with short, crooked hairs 
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on the surface and tomentose along the mklvein, beneath closely 
and roughly brown-tomentulose; lateral veins 6-10 mm. apart, 
ascending at an angle of 60°, frequently branched or anastomos¬ 
ing, the veinlets prominently reticulate above, obscure beneath; 
peduncles stout, axillary, erect, 14-17 cm. long, brown-tomentu¬ 
lose; hypanthium cylindric above a turbinate base, 20-25 mm. 
long, 15-17 mm. wide when pressed, thinly tomentulose; sepals 
erect, stout, linear-lanceolate, 30-35 mm. long, 3 mm. wide,at 
base, tapring regularly to the acuminate subulate tip, promin¬ 
ently spinulose-denticulate with 4-6 black callous teeth i mm. 
long on each side, thinly tomentulose on both sides; corolla 
greenish-yellow, coarsely tomentose, the tube stout, 17 mm. 
long, 12 mm. wide at the throat when pressed, the lobes linear- 
falcate, all strongly decurx^ed, the upper about 32, the lower 
about 16 mm. long; filaments thinly villous; anther-tube about 
equaling the upper corolla-lobes, 12 mm. long, densely pubescent 
in the fissures with stout, somewhat curved, short, brown hairs, 
the two lower anthers densely bearded with pale, slender, 
flexuous hairs. Fig. 17. 

Typti Pennell S142, collected 17 Dec. 1917 at '‘Rosalito/’ 
Dept. Tolima, Colombia, altitude 2700-3000 m., and deposited 
in the herbarium of The New York Botanical Garden. A second 
sheet is Dawe 740, Ruiz, Colombia, alt. 3000 m., 1918; Tmwa 
1582 is certainly closely related and may be the same species, 

Siphocampylus stellatus n. sp. Stem stout, angled, floccose- 
tonieiitulose with brown hairs, the internodes 10-15 mm. long; 
petioles stout, 5-8 mm. long, tomentose like the stem; leaf-blades 
firm, narrowl}^ oblong, 9-11 cm. long, 28-32 mm. wide, broadest 
at or slightly below the middle, obtuse, finely denticulate with 
black, callous, salient teeth (6-7 teeth per cm. of margin, 0.3- 
0.4 mm. high), abruptly acute or short-cuneate at base, dark 
green, rugose, and almost glabrous above, except for short, 
flat, brown, crooked hairs along the midvein, beneath densely 
pubescent with the same type of hairs on all veins and veinlets, 
simulating a tomentose surface; lateral, veins widely ascending, 
lightly arcuate, the veinlets prominently reticulate above, 
obscure beneath; peduncles axiilai:y% ascending, 10 cm. long, 
below ' thinly, . above densely' .stella'te-tomentose; , hypanthium, 
cylindric'above a, turbinate .base, 15--17 mm. long, ii mm;'wide' 
when pressed,', dense,ly', steliate-tomentose'' with , b,rowii"hairs; 
sepals iinear-triangular, 15-17 mm.Ton'g, 3' mm. wide at the 
base, tapering regularly' to’.the tip,'with numerous teeth like 
those of the 'leaves, stellate-to'me'ntose’; corolla ■ thinly but 
conspicuously stellate-tomentose, the tube t8' mm.'long, the 
lobes linear-falcate, strongly'decurv^ed, the nipper 32 'mm.,, the, 
lower,21 mm.dong; filaments .glabrouspanther-tube, 1,0 'mm'.'.'long, 
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densely hirsute on the connectives with orange-yellow, stiff^ 
ascend'ing hairs, the two lower bearded with more slender, 
longer, somewhat curved hairs. Fig. i8 . 

Type collected by I. F. Holton, 27 Jan. 1853, between Volcan- 
cito and Roble [Old Quindio Trail], Colombia, and deposited in 
the herbarium of Columbia University at The New York Botan¬ 
ical Garden. Another sheet %vas collected by Purdie, May 1846, 
on the flat summit of the Quindio, Colombia. It agrees with the 
type in every essential feature, but averages a little larger in all 
dimensions. 

5 . stelJalus is obviously closely related to 5 . cylindricus 
Gleason, but is distinguished at once by the stellate pubescence 
and short sepals. 

Siphocampylus Hazenii n. sp. Stem stout, hollow above, 
irregularly angled, somewhat scurfy, the internodes much 
abbreviated at the summit; petioles stout, 3-4 cm. long, scurfy 
like the stem; leaf-blades oblong-elliptic, firm, 20-30 cm. long, 
7-9 cm. wide, acute, long-cuneate to the base and somewhat 
decurrent on the petiole, finely denticulate with low, dark, 
obtuse, subcallous teeth (3-4 teeth per cm. of margin. 0.4-0.7 
mm. high), rugulose and thinly arachnoid-tomentulovse above 
when young, becoming glabrate with age, beneath pale green, 
densely arachnoid-tomentulose ■when young, thinly arachnoid 
at maturity, especially along the veins, and persistently scurfy 
on the midvein; veins lightly impressed above, prominently 
elevated beneath, the laterals 6-10 mm. apart, somewhat arcuate, 
strongly ascending, the veinlets conspicuously reticulate; 
peduncles stout, axillan.^ erect or ascending, 12-14 long, 
thinly arachnoid, glabrescent with age; hypanthium short- 
c\lindric or broadly urceolate, 17 mm. high and wide, thinly 
scurfy; calyx glabrous, purplish, gamosepaloiis, 2-Iippec], the 
upper lip 12-15 mm. long, barely united with the lower, which 
is 25 mm. long; calyx-lobes broadly triangular, erect, acute, 8 
mm. long, 6 mm. wide; corolla yellowish, thinly scurfy, its tube 
shorter than the calyx, about 20 mm. long, lobes linear-falcate, 
strongly decun:^ed, the upper 30 mm. long, 5 mm. wide; fila¬ 
ments barely exserted, glabrous; anther-tube 13 mm. long, 
glabrous, strong!}^ decur\^ed at the summit, the two lower anthers, 
densely bearded with crooked hairs, Fig. 19. / 

Type, KilHp & Hazen 12,081^ collected 27-30 July 1922,, Rio, 
Quindio, near Salento, Dept, Caldas, Colombia, altitude 1300- 
1600 m., and deposited in the herbarium of The New York Bot¬ 
anical Garden.' 'Other specimens, all from Quindio, so far as 
noted, are Purdie, Goudot, Andre 2og7, di.nd Linden 107j (herb. 
Kew). and J57J (herb. Mus. Paris). ' 
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There are few species of Centropogon or Sipliocampyliis with 
strongly gamosepalous calyx, and this is the only one, so far as 
known tome, with a corolla like that of the group with the well- 
known S> umbellatus G. Don. 

New species related, to S. volubilis and S. Bentha,m,ianus 

The numerous species of this general affinity are readily 
recognized in herbarium material, although they are not easy to 
characterize. They all have large showy axillary flowers, mostly 
on long peduncles, corollas much constricted just above the base 
and greatly expanded toward the summit, penicillate anthers, 
and long-petioled leaves, mostly ovate or cordate in outline. 
Within their number two w^elhmarked groups may be distin¬ 
guished. The first of these has a turbinate receptacle, widest 
at the summit, while in the second ,the receptacle is more or less 
pyriform, widest below^ the summit and conspicuously narrowed 
to the base of the sepals. Both groups are abundantly repre¬ 
sented in herbaria and have frequently been in cultivation, which 
has led to the publication of several names based solely on green¬ 
house material Of the five following species, the first two have 
the turbinate or obconic receptacle of S, voluhilis (H.B.K.) G. 
Don, and the last three have the pyriform receptacle of 5 . Benth- 
amianus Walp. (S, cordifolius Benth.). 

Siphocampylus dentatus n. sp. Stem herbaceous, probably 
climbing, pale greenish-brown, essentially glabrous; inteniodes 
2-4 cm. long; petioles slender, tortuous near the base, i cm. 
long, lengthening to 2 cm. at maturity, thinly puberulent; 
leaf-blades membranous, ovate, 8 cm. long, 4.5 cm. wide, the 
upper gradually reduced, long-acuminate, cordate at base, 
sharply, coatwsely, and irregularly dentate with triangular and 
erect, or falcate and retrorse teeth (about 4 teeth per cm. of 
margin, i™2 mm. long), minutely pubescent above when young, 
soon glabrescent except on the midvein, glabrous on the surface 
and closely puberulent on the veins beneath; lateral veins 4“-5 
pairs, the basal widely, divergent, the upper strongly ascending, 
the veinlets obscure, plane, reticulate; peduncles ^.axillary, 
slender,. 4.5 cm. long, sparsely puberulent, subulately' bibracteo-; 
late at the base;'hypanthium' broadly'obconic, "6 mm. .high, 9 
mm. wide when pressed,, .thinly puberulent, ^prominently' id* 
nerved; sepals erect or somewhat spreading, foliaceous, narrowly 
triangular, 'i4-i7 mm. long, 2.5 mm., .wide, at base," tapering 
■regularly to' the. apex, prominently hirtelious■ o.n' the 'midvein, 



70 BULLETIN OF THE TORREY CLUB ' [VOL. 52 

conspicuously ciliate, finely reticulate, separated by narrow acute 
sinuses; corolla rose-pink, thinly puberulent on the ribs, the 
tube slender, 40 m,m. long, 7 mm. wide, at the throat when 
pressed, the lobes linear, 13-18 mm. long; filaments not exceeding 
the upper corolla-lobes, glabrous; anther-tube 7 mm. long, 
glabrous, the two lower anthers penicillate. Fig. 20. 

Type, Hasen 9663, collected 7 Aug. 1922, Rio Coello to San 
Miguel, New Qiiindio Trail, Dept. Tolima, Colombia, and depos¬ 
ited in the herbarium of The New York Botanical Garden. 
Other collections, also from Tolima, are Kilhp Hazeji 9621, 
between “El Eden” and ''La Palmilla,” Old Quindio Trail, alt. 
iSoa-2300 m., 8 Aug. 1922, and Killip 9738^ Rio Paloma, New 
Quindio Trail, 13 Aug. 1922. Triana 1339 seems to be also the 
same species. Most closely related to S. odontosepalus Vatke, 
from which it differs in its triangular, ciliate, entire sepals and 
its coarsely dentate leaves. 

Siphocampylus pilosus n. sp. Stem herbaceous, nearly 
terete, densely pubescent or subtomentose with pale brown 
hairs, the internodes 1-3 cm. long; petioles stout, frequently 
deflexed, 6~io mm. long, densely pubescent; leaf-blades thin, 
dull green, ovate, 6-7 cm. long, 3-3.5 cm. wide, broadest below 
the middle, gradually tapering or subacuminate to a straight 
or falcate blunt tip, finely and irregularly serrate (about 6 teeth 
per cm. of margin, 0.2-0.5 mm. high), cordate at base (sinus 
2-4 mm. deep), or broadly truncate, sparsely and minutely 
pubescent above, glabrous in age except along the midvein, 
densely short-hirsute beneath (hairs straight, 0.3 mm. long), 
especially along the veins, where the hairs are twice as long; 
lateral veins 8~io pairs, nearly straight, ascending at an angle 
of about 45*^, the plane veinlets finely but conspicuously reticu¬ 
late; floral leaves resembling the cauiine, but 25--30 mm. long; 
peduncles axillary, spreading or deflexed, frequently tortuous, 
densely pubescent, 10-15 mm. long; hypanthium broadly ob- 
conic, 4 mm. long, 8 mm. wide when pressed, densely pubes¬ 
cent, lo-ribbed; sepals spreading or reflexed, linear-oblong, 
4 mm« long, blunt, entire, densely pubescent, separated by 
broad flat sinuses; corolla scarlet, 5 cm. long, thinly pubescent 
with purple hairs, the tube lightly decur\?-ed, much contracted 
above the base, 7 mm. wide at the throat when pressed, the 
lobes linear-oblong, acute, the upper 15 mm. long; filaments 
glabrous, about equaling the upper corolla-lobes; anther-tube 
6 mm, long, densely hirsute in the fissures, the two lower anthers 
penicillate.. Fig.. 21,,, 

Type., Rusby Pennell 680, collected 1-8, Aug. 1917, east of 
Neiva,. Dept, .'Hiiila, Colombia, altitude 2200-2500 m., and de- 
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posited in the herbarium of The New York Botanical Garden 
(also Gray Herbarium). Other collections, also from Huila, are 
Rusby Gf Pennell go8, ^‘Balsillas’' on Rio Balsillas, alt. 2000- 
2300 m., 3-6 Aug. 1917, and Bro. Ariste-Joseph B-yy, El Gigante, 
1920 (U. S. Nat, Herb.). The species differs from S. Jiispidus 
Benth. in its shorter^ entire sepals, its shorter peduncles, and its 
finely serrulate leaves with shallower basal sinus. 

Siphocampylus venosus n. sp, A climbing shrub; stems 
reddish-brown, glabrous, strongly angled or subulate, freely 
branched above; petioles tortuous, glabrous, 5-8,. mm. long,; 
leaf-blades broadly ovate-oblong, firm, 25-40 mm. long, 15-25 
mm. wide, abruptly short-acuminate, broadly rounded to 
truncate or subcordate at base, sharply and irregularly serrate 
(3-5 teeth per cm. of margin, 1-3 mm. long), glabrous and 
rugulose with impressed veins above, pale green and glabrous 
beneath; lateral veins 4-6 pairs, ascending at an angle of about 
45°, the purple-black veinlets prominently reticulate; peduncles 
axillary-, stout, somewhat fiexuous, glabrous, ebracteolate, 5-8 
cm. long; hypanthium obovoid-pyriform, broadest above the 
middle, 9 mm. long, 7-8 mm. wide when pressed, faintly ribbed, 
glabrous; sepals erect or slightly recurved at the apex, oblong- 
triangular, 2-3 mm. long, acuminate, glabrous, separated by 
rounded sinuses as wide as the sepal; corolla red, 5 cm, long, 
glabrous, the tube gradually contracted from the base to a 
width of 1,5 mm., thence expanding to a wddth of 9 mm. at the 
throat when pressed, the lobes narrowly triangular, acuminate, 
9 mm. long; filaments barely exserted, glabrous; anther-tube 
dull gray, 8-9 mm. long, glabrous or sparsely pilose with long 
white hairs, the two lower anthers peniciliate. Fig. 22. 

Type, KilUp &f Hazen collected 1-2 Aug. 1922, ** Ma¬ 
gana,” Old Quindio Trail, Dept. Caldas, Colombia, altitude 
3200-3300 m., and deposited in the herbarium of The New York 
Botanical Garden. " A member of the same group with, 5 .,f«.ega- 
lantkus Zshlhr,]'S, pubescens Btnth,, and S, BenihamiafmsW'^p.j 
and differing from all of these by its glabrousioliage and flowers; 
Trom "related glabrous species it is distinguished by its broad 
leaves and short sepals. A second collection, apparently repre¬ 
senting a shade form, is Pennell P55P, .also from Caldas, **Pi- 
nares” above Salento, alt. 2700-2-900 m., 2-10 Aug. 1922., 

/, ,Siphocampyltis obovoideus n. sp. Climbing -shrub, glabrous 
except the stamens ; stems slender, pale brown, finely' striate, 
the-interno'des 2-4 cm,, long; petioles slender, tortuous," 5--9-,mm. 
f-ong;' leaf-blades ; oblong-l-anceolate, .to"> triangular-lanceolate,' 
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thill, 40-65 mm. long, 12-18 mm. wide, broadest near the base, 
iong»acuminate from the middle or below it, broadly cimeate 
to an acute or obtuse base, or rarely truncate, sharply and 
irregularly serrate with triangular-subulate teeth interspersed 
with subulate cilia (about 5 teeth per cm. of margin, 1-1.5 mm. 
long) ; lateral veins 4 or 5 pairs, ascending at an angle of 30-45°? 
the veinlets inconspicuously reticulate; peduncles axillary, 
slender, cunmd at the summit, 9-'ii cm. long; hypanthium 
obovoid-pyriform, 10 mm. long, abruptly expanded above the 
middle, faintty ribbed; sepals erect, subulate-triangular above 
the dilated base, 4 mm. long, separated by broadly rounded 
sinuses: corolla pink (or carmine-red), 5 cm. long, the tube greatly 
contracted to 5 mm. above its base, thence gradually expanded 
and II mm. wide at the throat when pressed, the lobes oblong- 
triangular, abruptly acuminate; filaments exserted about 4 mm., 
minutely villous on the ventral side; anther-tube 8 mm. long, 
sparsely pilose with short white hairs, the two lower anthers 
penicillate. Fig. 23, 

Type, Pennell & KilUp 8033, collected 2 July 1922, San An¬ 
tonio to Rio Ortega, Dept. El Cauca, Colombia, altitude 2100- 
2200 m.j and deposited in the herbarium of The New York Bo¬ 
tanical Garden. A second collection is Pennell & KilJip 3866^ 
La Cumbre, Dept. E! Valle, alt. 1800-2100 m., 21-25 May 1922. 
Distinguished from S. venosus Gleason by its narrower, long- 
acuminate leaves; from S, pyriformis Zahlhr. by its shorter sepals 
and its serrate leaves cuneate to the base. 

Siphocampylus coronatus n. sp. Stem apparently woody, 
the whole plant glabrous except the petioles and anthers; stems 
pale brown, finely striate, leafy, the internodes i5-'30 mm. 
long; petioles slender, frequently tortuous, 4-8 mm. long, 
minutely villous on the upper side; leaf-blades thin, dark green, 
ovate-oblong, 5-7.5 cm. long, 2-3 cm. wide, broadest well below 
the middle, thence gradually tapering to the acute tip, truncate 
to subcordate and frequently inequilateral at base, sharply 
and irregularly serrate with triangular-subulate teeth (about 
5-6 teeth per cm. of margin, 1-2 mm. long); lateral veins 5-7 
pairs, ascending at an angle of about 60^, the veinlets finely 
reticulate; peduncles axillary, 6-8 cm,, long, slender, mostly 
cur\"ed near the summit, ebracteolate; hypanthium obovoid- 
pyriform, 9 mm. long, 8 mm. wide when pressed; sepals foHaceous, 
recur\?^ed-spreading, oblong-lanceolate, 9-11 mm. long, long- 
acuminate,, veiny, sharply subulate' with triangular-subulate 
teethpeorolla;red, 5 cm, long, the'tube greatly contracted 5 mm. 
above'the base,'and thence'gradually'expanded to ii mm. wide' 
at the throat, the lobes' oblong-triangular, "acute; filaments 
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glabrous, exserted about 5 mm.; anther-tube dull gray, glabrous 
except for a veiy? few long white hairs, the two lower anthers 
penicillate. Fig. 24. 

Type, Pitiier 868 , collected Jan. 1906, above Palmira, Dept. 
El Valle, Colombia, altitude 1200-1600 m., and deposited in 
the United States National Herbarium. Its nearest relativ’^e 
is apparently S. megalanthus Zahlbr., which has similar long, re¬ 
curved, but linear sepals, and is generally pubescent on its foliage 
and flowers. Its foliaceous sepals distinguish it at once from 
the glabrous members of the group with pyriform hypanthium. 
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Explanation of plate 3 

Figs. 1-7, h3'^panthium, calyx, and base of corolla, X 1*5, of 

1. Centropogon congestiis, 5. Centropogon curvatus. 

2. Centropogon gesnerioides. 6. Centropogon parvulus. 

3. Centropogon angustus. 7. Centropogon pedicellaris. 

4. Centropogon serratus. 

Fig. S, pedicel at maturity, X 1.5, of Centropogon pedicellaris. 

Figs. 9-15, hypanthium and calyx, with or without the base of the 
corolla, X 1.5, of 

9. Centropogon ciliatiis. 13. Centropogon carpinoldes. 

10. Centropogon decemlobus. 14. Centropogon griseiis. 

11. Centropogon Purdieanus. 15. Centropogon Hitchcockii. 

12. Centropogon leucophyllus. 

Figs. 16 and ijj single flower, natural size, of 
16. Siphocamp3'IusPennelUi. 17. Siphocampylus cylindricus. 

Fig. 18, hypanthium, calyx, and base of corolla, natural size, of Sipho- 
carapylus stellatus. 

Fig. 19, hypanthium and portion of calyx, X 1.5, of Siphocampylus 
Hazenii., 

Figs. 20-24, hypanthium and catyx, with or without the base of the 
corolla, ' X 1.5, of 

20. Siphocampylus dentatus. 23. Siphocampylus obovoicleus. 

21. Siphocampylus pilosus. 24. Siphocampylus coronatus. 

22. Siphocampylus venosus. 
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Studies of Ly thrum Salicaria—II'*' 

A new form of flower in this species 

A. B. Stout 

(with six text figures) 

The purple loosestrife, Lythrum Salicaria L., has long been 
known as one of the relatively few species of plants that are tri- 
morphic. That is, the species includes individuals having floTv- 
ers of three different types. Named with respect to the three 
lengths of pistils, there are the loiig-styled flowers (see fig. 5) 
with a set of long-stamens and a set of short-stamens (enclosed 
within the calyx and not shown in the picture), the mid-siyled 
flowers (fig. 2) with a set of long-stamens and a set of short- 
stamens, and the short-styled flow^ers (fig. i) with a set of mid¬ 
stamens and a set of long-stamens. There is thus one of the 
three kinds of pistils and two different sets of stamens in each 
flower. All flowers on a plant are alike. The species includes 
three groups of individuals or forms in regard to the relative 
length of pistils and stamens as shown in figs, i, 2 and 5. 

Students of this species have noted minor variations in re¬ 
spect to structure, size, color, and inter-relations in fertilization 
among pistils and stamens. All have, however, evidently ex¬ 
perienced no special difficulty in grouping the plants which they 
studied into the three forms generally recognized. No dis¬ 
tinctly new form or modification of the old forms seems to have 
been found. But in a culture of this species recently growm at 
the' New' York Botanical Garden, noticeable variations; have 
appeared and, one'type of'flower'is sufficiently; frequent to he 
recognized as a new'form.' 

, Tn ' this new form (see figs. 3, 4 and 6) the pistil and the set 

Go,iitribiitions' from the New York Botanical'''Garden, no. '26S .; ■■''''' ‘'V. 

"'[The'', Buiietin. for 'February .fSZ'v' 3'5“8o) .was' iss,ued' ''9 March,' i,92'5,b 

, ■ .. Si : 
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of longer stamens are almost of equal length and this length is 
about midway between the two lengths characteristic of the 
mid- and the long-lengths as seen in long- and in mid-styled 
plants. It is to be noted that the long stamens of the short- 
styled form (fig. i) are as a rule somewdiat shorter than are the 
long stamens of the mid-styled form (fig. 2). The stigmatic 
lobes of the pistils of the new form are as large or even larger 
than those of long-styled plants and considerably larger than 
the stigmas of mid-styled plants (compare figs. 3, 4 and 6 with 
5 and 2). The new form may be considered as homomorphic 
for the lengths of the pistil and the set of longer stamens but 
there is also a set of short stamens so it may be designated as a 
semi-homomorphic form. 

The first plant having flowers of this new type appeared 
among the self-fertilized progeny of a mid-styled plant. The 
other 58 sister plants of this particular series were either mid" 
styled or long-styled with no marked deviations in lengths of 
parts from those typical for these forms. This plant was selfed 
by the bagging method in the first year of its bloom and found 
to be highly self-compatible. It was then removed to my home 
garden at Pleasantville, New York, where it was grown in isola¬ 
tion from any other plant of Lythrum. It produced seed in 
abundance to the enforced self-pollinations and from such seed 
122 plants have been grown to blooming age, and for many of 
these, observations on flower character have been made for three 
years. Of these plants, 60 were readily to be classed as of the 
new* semi-homomorphic form, nine were long-styled, 52 were 
intermediate between the new form and the long-styled and one 
plant mid-styled. The intermediates varied toward the 
long-styled form in that the pistil wms longer than the stamens; 
there were none that varied toward the mid-styled form. 

Mention should be made of the wide variations in the color 
of anthers in the flowers of these plants. The anthers of long 
stamens and the pollen which they contain are typically dark 
colored or purplish, sometimes described as greenish, while the 
anthers and pollen of short- and mid-stamens are yellow. It 
has, however, frequently been observed that some of the mid¬ 
stamens of long-styled plants may be dark in color. 

. In the first plant of the new form the various members of the 
longer set of stamens were quite uniform as to length,'but purple 
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and yellow anthers were intermingled, with the yellow predomi¬ 
nating. For most of the 122 plants, the offspring of this first 
semi-homomorphic plant, the anthers of the longer set of stamens 
were much mixed in color. The summary for the entire series 
is as follows. For the one mid-styled plant these anthers were 
imiformly all dark. For the nine long-styled plants, seven had 



Figures I“6. Flowers typical for the four forms in the one species Lythrum 
Salicaria. The three older forms are the short-styled (i), the mid-styled,. 
and the long-styled (5). Flowers of the new and semi-homomarpMc form are 
shown at 3, 4 and 6; the anthers of the longer set of stamens are all purple 
in 6, all yellow in 4, and yellow or purple intermingled in 3. The short stamens 
and pistils are, except in a few cases, entirely enclosed within the calyx. The 
magnification is almost two times natural size. 

only the yellow anthers typical of this form and two had colors 
intermingled. For the 60 plants of the new form, the long sta¬ 
mens of six were wholly:, dark (see fig. 6),, 25 were wholly yellow, 
(see FIG. 4)' and for' 29,'there was..a, mixture' of bothuolors. For 
the intermediates, only dark stamens were,'found' for six, ■ only' 
yellow for 21, leaving 25 with the colors intermingled. For a 
large': number , of 'plants in this, series, the .color of the longer set 
of'stamens 'was'highly variable."-The...relative number of dark 
a.,nd,y'ellow.'stamens varied'..'..greatly for different individuals; it 
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varied among flowers open on the same day, and it varied from 
day to day. 

Naturally the question arises as to whether plants of the new 
form are highly self-compatible, or are more decidedly or more 
uniformly so than are plants of the old form. In them, self- 
pollinations from pollen of the longer set of stamens are “legit¬ 
imate.” Legitimate pollination is not possible in self-pollina¬ 
tions of any individuals of the three old forms. For them, legit¬ 
imate pollinations are all inter-form cross-pollinations which as 
a rule appear to be more productive of fruit and seeds than are 
illegitimate self- or cross-pollinations in accordance with the re¬ 
sults obtained by Darwin (1865 and 1877). 

The first plant of the semi-homomorphic form was highly 
self-compatible not only in the large number of capsules pro¬ 
duced but in the high average of seed per capsule and in the 
viability of the seeds. T^^elve plants of its offspring having the 
new form of flower were tested by controlled self-pollinations; 
three were highly self-fruitful, five were somewhat self-fertile, 
and four appeared to be self-incompatible. Another of these 
plants was grown in isolation and it yielded fine capsules for 
nearly every flower that bloomed. But also four of the six 
plants with intermediate flow^ers which were tested w^ere self- 
fruitful and one of these was very highly so. 

The semi-homomorphic form appears to be highly self- 
fertile, bat the degree varies for individual plants and some are 
self-sterile. This condition has also been found (Stout, 1923) 
for other forms and especially for the mid-styled form. The 
new form appears from the data at hand to be at least as highly 
self-fruitful as is the mid-styled form. 

The appearance of only one plant of the new form among a 
considerable number of plants together with the fact that this 
form has not been reported previously suggests a mutation. Its 
form of flower re-appears in a considerable number of its off¬ 
spring, £0 there is an hereditary value to the new character. It 
does not immediately breed true, so the new^ form is not at 
first homozygous. 

The new form presents a correlated modification of both the 
pistil and at least one set of stamens. In the size of the stig- 
matic lobes there is decided resemblance to the long-pistils; the 
lengths .of both pistil and'Stamens^ are modified; in,, the color'of' 
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anthers there is variation beUveen the color of long-stamens and 
that of mid-stamens, with many, all of the same length, that 
have the colors intermingled. It may also he stated that this 
particular series of plants has shown variations in the number of 
petals of flowers, giving in extreme cases, plants entirely apeta- 
lous, a condition not observed thus far for any other culture. 

Just what genetical changes are involved in the development 
of the neAv form can be determined further only by continued 
line breeding and by the character of progeny of crosses Avith 
the other forms. The large number of intermediates ranging 
toward the long-styled form suggests a relationship betAA^een this 
form and the mid-styled form from Avhich the neAV form arose. 
The semi-homomorphic type of flower, is perhaps a reversion 
toAvard a simpler homomorphic type of flower which was aat th¬ 
ou t doubt the ancestral type of the species. 
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Anomalies in maize and its relatives—If 
Many-flowered spikelets in maize 

Paul Weather wax 


(WITH FOUR TEXT FIGURES) 


The spikelets of maize, like those of its nearest relatives in 
the tribes Tripsaceae, Paniceae, and Andropogoneae, are struc¬ 
turally two-flowered. The primordia of the two flowers appear 


in early stages of the develop¬ 
ment of the spikelet, but the 
subsequent abortion of parts 
gives rise to various types of 
mature spikelet in the different 
genera, or even in different in¬ 
florescences of the same indi¬ 
vidual. Of the two flowers in a 
spikelet, the upper is regularly 
the more advanced in develop¬ 
ment. 

Although the floral structures 
of maize are characterized by a 
high degree of variability, this is 
usually a quantitative matter, 
concerning only the degree of 
development or of suppression 
of parts. But a variation that 
the writer has recently observed 
seems to involve a structural 
change of a more fundamental 
nature, in that the rachilla of 
the' spikelet is often much more 
complex, the number of flowers 
in a. spikelet is more than two, 
and the order of dev^elopment of 
the flowers is reversed. 

Details of the ancestry of the 
strain in which the anomaly 



Fig. I. Terminal inflorescence 
showing the anomalous spikelets. 
X, uppermost foliage leaf;, :.CS, 
central spike, in■ the'region of the 
anomalous " spikelets; ear-like 

modification of a spikelet. 


was found are known only in part. /Seeds expected" to throw 


25 per cent dwarf .plants w^ereweceived',from. Dr.'R. A,.Emerson 
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in 1917. This variety has been maintained since then by keep- 
ing seed from open-pollinated dwarf plants grown in proximity 
with their tall half-sisters and other varieties, none of which were 
dwmrfs. In this way a number of homozygous (dwarf) plants 
could always be had, and the influence of other varieties w^as 
eliminated. In 1922, the ^^ear before the anomaly appeared, 



Fig. 2. An anomalous pair of spikelets (A), and the same shown in diagram 
(B). Sy sessile spikelet; P, pedicelled spikelet; R, rachilla; Sh (or G), By and 
X, sheath, blade, and Hgule, respectively, of the lowest glume; F, female 
flower; If, male flower, 

there was a chance for pollination of the dwarfs with the Chinese 
waxy variety, a fact which may be significant, in view of the 
latter's behavior in some crosses (2).' 

Of fifteen tall plants growm in 1923 from seed grown on a 
dwarf plant the preceding year, seven showed variously modi-' 
fied spikelets'in their tassels. Some of these immediately at¬ 
tracted attention because of their unusual size, and by having 
three or more protruding silks in many cases. The reversal of 
sex in , maize Towers is sufficiently frequent that a'single occur- 
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rence would have little significance, but two is the maximum 
number of silks that could be expected from a spikelet unless it 
had more than two flowers. Dissection of a number of these 
spikelets showed in most cases more than the two normal flowers, 
as well as other interesting anomalies. 

A typical individual showing the anomaly was selected for 
detailed examination. This plant bore in the normal position 
a rudimentary pistillate branch, which did not develop functional 



flowers. The terminal inflorescence, which was barely exserted 
from the sheath of the uppermost foliage leaf, consisted of a cen¬ 
tral spike, a single lateral branch, and a small ear-like structure 
(fig. i)., 

The many-flowered spikelets occurred on the lo%ver part of 
the central spike of this tassel. In most cases examined, it was 
the sessile spikelet of the pair that was modified, but in some 
instances where the'sessile spikelet'was extremely modified,' the 
pedicelled member also showed an increase in number of flowers. 

Two pairs of spikelets are shown in figs.;2, A, and 3, A,' and 
their sessile members in'diagram in figs. 2, B,, and ^, B.'"':/' 'The' 
follownng general, peculiarities" are noted' in these 'and' in''"other 
spikelets dissected:, ■ 





90 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


1. The two lowest bracts (glumes) in each spikelet are 
empty. They may bear ligules and leaf-blades. 

2. The lower flowers in the spikelet are the more advanced 
in development, and the rachilla may be prolonged beyond the 
uppermost flower (fig. 2, A and B). 

3. The lowest flowers tend to be staminate and the upper 
pistillate. Between the two kinds may occur more or less in¬ 
complete male flowers, or empty lemmas accompanied by paleas. 

4. The pistillate flower may be replaced by a pair of flowers, 
or even by a spikelet or pair of spikelets, with a more or less 
complete quota of bracts. 

5. The alternate arrangement of parts on the rachilla is 
sometimes apparently interrupted, but this may be due to 
twisting of the rachilla or to difficulty of observation. 

6. The rachilla is sometimes thickened and hardened, bear¬ 
ing the spikelets in horny alveoli, and closely resembling the cob 
of a four-rowed ear. 

7. Fully developed, viable grains are produced in many of 
the spikelets, the pistillate flowers probably all being fertile. 

8. The stamens in these modified spikelets are not exserted 
at maturity, and are doubtless functionless. 

The ear-like structure shown just above the leaf in fig. i 
is shown again (at maturity) in fig. 4. It is seen to be associ¬ 
ated with a pedicelled structure, the two evidently constituting 
the equivalent of a pair of spikelets. The structure of this pair 
(fig. 4, B and C) shows only a more pronounced expression of 
the anomaly shown in the preceding cases. 

The pedicelled member is a large, normal, stamina te spikelet, 
except that it has three flowers. Here, as in the preceding 
cases, the stamens are probably functionless. 

The sessile member is much like those shown in figs. 2 and 3 
except in degree of modification. Its bracts are all large and 
husk-like. One glume and one lemma bear ligules and blades. 
One lemma subtends a short, rudimentary pistillate spike instead 
of a flower. Another subtends a pair of pistillate spikelets, each 
having a full quota of bracts and the aborted lower flower. The 
rachilla terminates in a well-developed eight-rowed ear, 9 cm. in 
length. Its two lowest pairs of grains are subtended by the two up¬ 
permost, large, well-developed, husk-like lemmas of the spikelet, 

Kempton (2) has discussed the phylogenetic significance of 
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small ears similar to that shown in fig. 4, which occurred at the 
base of the tassel in his hybrids involving the Chinese waxy 
variety and a dwarf (brachytic) strain. But he regards such 
ears as derivatives of lateral branches of the tassel. 

' Two or more of the plants of this anomalous population had 
staminate spikelets whose bracts were in several instances more 
than 10 cm. long and distinctly leaf-like. In external appearance 
these spikelets resembled those of the viviparous type figured 
and described by Collins (1)*. Although they bore male flowers 



Fig. 4. Another pair of modified spikelets (A), and the pedicelled (B) and 
sessile (C) members shown in diagram. E, the sessile spikelet, the ear-like 
structure shown in fig. i; F, the pedicelled spikelet; G, glume; M, male 
flower; PS, pistillate, spike. ' ■ ■ 

in their lower portions, their indeterminate nature was evident 
from the prolonged or embryonic terminal portion of the rachilla. 
None of the spikelets put out any roots, however, as did those 
described by Collins. 

, * Collins regards this as. a case of apo.gamy, but it is not ,at all a parallel of 
what usually passes, under this term. The case that he describes seems to.dif-', 
fer' in no, from ordinary vivipary, which has been reported iH' a number'of’ 
grasses. ' ■ ' 
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The cause of the anomaly is not evident from the data now 
at hand. It was impossible to self-pollenize any of the plants in 

1923, but seeds were produced by open pollination. A green¬ 
house generation, grown in the winter, showed an apparent re¬ 
currence of the anomaly, but the plants were otherwise so modi¬ 
fied by the reduced illumination that the results were not de¬ 
pendable. Seeds from the ear shown in fig. 4 were planted in 

1924, but only normal plants were produced. Some of these 
w^'ere selfed, and the characteristic may appear again in the next 
generation if it is hereditary. Its occurrence in a number of 
plants at the same time suggests a hereditary or pathological 
condition. Its apparent recurrence in the greenhouse, and its 
failure to appear in the same stock in the field, suggests that a 
specific set of environmental conditions may be necessary for 
its deA^elopment. 

But, whatever its cause, the occurrence here in the staminate 
inflorescence, of a series of structures showing all gradations be¬ 
tween normal staminate spikelets and almost perfect pistillate 
shoots might be expected to give some light on the question of 
the phylogeny of the pistillate inflorescence. 

The thing that seems to have occurred in tliCvSe spikelets, 
after a reversal in the order of development of parts along the 
rachilla, is a meristematic reduplication of parts in the spikelet, 
giving rise to three or more flowers instead of twm, and, in ex¬ 
treme cases, replacing flowers with pistillate spikelets or pairs 
of spikelets arranged in many rows around a cob-like axis. 

In other words, the transformation of a two-rowed structure 
into a many-rowed structure here suggests the possibility of the 
same occurrence, phylogenetically, in the development of the 
polystichous axes in the tassel and the pistillate inflorescence 
from the distichous ancestral form. This is another evidence 
that it is unnecessary to assume the lateral fusion of spikes to 
explain the origin of the ear. It does not at all follow from this 
that the ear is a ph^dogenetic descendant of the spikelet. 
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Studies on the flora of northern South America—IV* 

H. A. Gleason 

THE GENUS BURMEISTERA 

In 1856 Karsten and Triana established the genus Biirnieislera 
to include certain green-flowered, baccate Lobeliaceae of Colom¬ 
bia, and Karsten at the same time published very brief descrip¬ 
tions of several species. The genus was very properly main¬ 
tained by Bentham and Hooker, but was submerged in Centro- 
pogon by Schonland in his treatment of the family for the Natilr- 
lichen Pflanzenfamilien. Zahlbruckner, an exceedingly careful 
student of the Lobeliaceae, also maintained Burmeistera as a 
distinct genus, but Wimmer, who has more recently begun the 
study of the family, has again united it with Ceniropogon, 

The chief generic distinction between Siphocampylus and 
Centropogon has hitherto been found in the character of the fruit, 
which is capsular in the former and baccate in the latter. If the 
two genera are to be separated only by this single character, 
then Burmeistera, also with baccate fruit, may well be united 
with Centropogon. But the characters of the corolla seem to be 
of great importance in distinguishing the genera of Lobeliaceae, 
and the structure of the anther-appendage, while doubtless of 
less weight, should by no means be neglected. Five major types 
of corolla may be discovered in the three genera in question ;(i) 
the Burmeistera type, cleft much more deeply on the lower side 
than on the upper, so that the strongly deflexed lobes appear to 
be inserted at different heights; (2) the Centropogon type, with 
stout tube, frequently conspicuously bent, and relatively broad, 
falcate, strongly depressed lobes; (3) the'Siphocampylus'type, 
with straight slender tube, and relatively narrow, straight or 
spreading lobes; (4) the ■ type, ■ with short, broad,, 

nearly regular, campanulate. tube and short, triangular,, erect 
lobes; and (5) the type of. Siphocampylus 'radiakis, with sh.ort, 
broad'tube and long, more or'less falcate, strongly deflexed lobes. 
Certain other, minor types'-also'exist, .but intermediate .forms 
apparently do not occur.'. 

' GontributioTis from the New. York Botanical'Garden, no. 269. 

■■ " 9 ^ 



94 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


In Burmeistera the two lower anthers are iinappendaged. In 
Ceiitropogon and Siphocampyhis the appendage may consist of 
a mass of soft crooked hairs, of a tuft of straight, stiff, erect hairs, 
or of similar hairs concrescent into a flat triangular scale. All 
of these are represented in Centropogo^i^ which is thus seen to be 
a heterogeneous mixture as to anthers, just as Siphocampylus is 
a mixture as to corolla. The character of the fruit, which is now 
the sole distinction between two of the genera, does not appear 
to be constant and certainly does not merit the importance 
which has been attached to it. Most specimens in herbaria are 
without fruit and many species have been described without the 
fruit being seen, yet any of them may be assigned easily and ac¬ 
curately to their proper place by the character of the corolla and 
anthers alone. 

The scope of a genus depends, of course, entirely upon per¬ 
sonal opinion. No one can speak ex cathedra, defining the ex¬ 
tent of any genus or specifying wdiat characters are to be used 
in generic segregation. Yet anyone who examines a series of 
plants of this group will observe as great structural differences 
within the single genus Siphocampylus as between any part of 
it and the genus Centropogon, If the existing and easily ob¬ 
servable characters are given proper consideration, but two 
courses are logically available. If the various types of corolla 
and of anther-appendage are not regarded as of generic value, 
then Burmeistera, Centropogon, and Siphocampylus should be 
united into one vast genus. If they are of generic value, at 
least five genera should be recognized instead of three. The 
former course is at variance with current usage and current 
taxonomic practice, and either of them would necessitate, if 
adopted, the alteration of scores of binomials, thereby adding 
permanently to an already unwdeldy synonymy and affecting 
the names of numerous species now in horticulturar trade. 
Taxonomists would be well advised to avoid throwing any of 
their burden of synonymy upon those who use plants or upon 
those engaged in other lines of botanical activity. 

From a practical standpoint it has seemed more desirable to 
pursue a middle course and maintain the three genera of long 
standing, while recognizing that two of them are polymorphic 
groups and might easily be segregated. The result of this treat¬ 
ment is seen in the facts that only one transfer of name is re- 
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quired and only two double citations appear among twenty- 
two species. 

Tlie center of distribution of Burmeistera is the Andes Moun¬ 
tains of Colombia. The genus ■ extends thence south to Peru, 
east into the Andes of western Venezuela, and north, well into 
Central America, always at a considerable altitude. The lowest 
altitude noted on our specimens is 1400 meters, the highest 3000 
■■meters. The species are herbs or shrubs, apparently varying 
with the size or age of the individual, and a few have been 
noted as climbing. Since they are not known to twine or pro¬ 
duce true holdfast roots, they probably merely recline against 
the branches of shrubs or trees above them, or take root in moist 
crevices of the bark. 

Seventeen species are known to me from northern South 
America, and may be distinguished by the key below. Five 
others have been described but have not been seen by me, while 
at least five other well-marked but undescribed species are con¬ 
served in various European herbaria. In the citation of speci¬ 
mens, the various herbaria are indicated as follows: (G) Gray 
Herbarium of Harvard University; (K) Royal Botanic Garden, 
Kew, England; (P) Museum d’Histoire Naturelle, Paris, France; 
(W) National Herbarium, Washington, D. C.; (Y) New York 
Botanical Garden. I have also seen the types of several of 
Zahlbriickner’s species, on loan to the Royal Botanic Garden 
at Kew. 

I. Hypanthium during anthesis obconic to cylindric, conspicu¬ 
ously narrowed to the base, longer than wide when pressed. 

Leaves lanceolate, long-acuminate to the sharp tip. 

Sepals triangular, acute, separated by narrow' acute si¬ 
nuses; leaves glabrous beneath, the lateral veins 
strongly ascending and almost parallel to the mid¬ 
vein. ...■... I. B. Weherhamri 

Sepals linear or Hnear-obiong, obtuse or rounded, sepa¬ 
rated by rounded sinuses; leaves pubescent be¬ 
neath, the lateral veins widely spreading. 

Sepals 10-13 mm. long, exceeding the hypanthium; 


leaf-pubescence of straight white hairs.... ,9 2. B. trimcata 

Sepals 3-4 mm. long, shorter than the hypanthium; 
leaf-pubescence of long (0.5 mm.) brownish hairs 
on the veins and of minute browm hairs on the sur- 

' faces. ... , 3. B. Imgijolm 

Leaves oblong to ovate, abruptly narrowed to a' cuspidate', ,, . 

: , tip. acute or obtuse. ' ■ 
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Sepals as broad as long and not exceeding 2.5 mm. in 

length. 

Leaves sharph’ and prominently callous-dentate, the 
lateral veins connected into a prominent marginal 
vein paralleling the margin at a distance of 2 mm. 

and strongly elevated beneath. 4* niarginaia 

Leaves barely denticulate to entire, the lateral veins 
not connected into a prominent elevated intra- 
marginal vein. 

Sepals acute; leaves oblong or oblong-lanceolate, 


obtuse at the apex of the cusp. 5- B, cylmdrocarpa 

Sepals broadly rounded; leaves ovate or ovate- 

oblong, sharply acute. 6. B. glauca 

Sepals linear or oblong, notably longer than broad. 

Sepals 2.5-4 

Sepals I mm. wide, entire; leaves narrowed to 

the base . 8. B. crispiloba 

Sepals 1.5-2.5 mm. wide, frequently crenate; 

leaves obtuse or rounded at the base. 9. B.leucocarpa 

Sepals 12-25 mm. long. 12. B. siicculenta 


2. Hypanthium during anthesis subglobose or short-cylindric, 
rounded at the base. 

Sepals ovate, varying to obovate or oblong, shorter than 
or barely e.xceeding the hypanthium, 2-4 mm. wide 
and rarely more than twice as long. 

Leaves broadly round-ovate, thick and firm, strongly 

rugose above with deeply impressed veins. 13. Killipii 

Leaves ovate to oblong or elliptic, thin, not rugose. 

Leaves densely pubescent with minute hairs on 
the veins beneath. 

Sepals 4-6 mm. long; leaves minutely den¬ 


ticulate..,.. . 14. B, muliiflora 

Sepals 12-14 mm, long; leaves sharply serrate. 15. B, Pennellii 
Leaves glabrous beneath. 

Leaves broadest above the middle, promi¬ 
nently denticulate, lo:g-cuneate at base .. 16. connivens 
Leaves broadest below the middle, entire or 
with minute intramarginai callosities, obtuse 

at base-...-... 17. B. glabraia 

Sepals linear, longer than the hypanthium, and usually 
more than three times as long as wide. 

' , Leaves ■ long-acuminate, usually coarsely repand- 

serrate.. .... ..... .... 19. iaceraia 

■ Leaves obtuse,,acute, or abruptly cuspidate, the cal- 
, losities almost entirely intramarginai. 

: Leaves thick and firm, broadly cuneate to sub- " ^ ■ ' ' 

rotund at base, pubescent on the purplish, 
conspicuously reticulate veins beneath j intra- ' 
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marginal vein prominent; total length of 

iiower^about 25 mm. 21. B, carmsa 

Leaves membranous, rounded to subcordate at 
base, glabrous; veins white beneath, faintly 
reticulate; intramarginal vein obscure; total 
length of flower about 40 mm. 22. B, asdeptadea 

1. B. Weberbaueri Zahlbr. Bot. Jahrb. 37 : 451. 1906. 

Peru: Weberbaner 220J (ty^pe), mountains east of Huacapis 
tana, alt. 3200 m., Prov. Tarma, Dept. Jimin; 2473; Lobb J77 
(K); Pearce (K). 

2. B. TRUNCATA Zahlbr. Repert. Spec. Nov. 13 : 531. 1915. 

Ecuador: Sodiro gil2j (type), Quito Andes, on the descent 
from Canzacato to S. Florencio, Prov. Pichincha. 

3. Burmeistera longifolia n. sp. Stem herbaceous, faintly 
striate, thinly puberulent with curv^ed slender hairs nearly i mm. 
long, the internodes 1-2 cm. long; petioles 5 mm, long, puberu¬ 
lent, especially on the back; leaf-blades thin, dark-green, nar¬ 
rowly lanceolate, the largest 95 mm. long b\" 23 mm. wide, the 
upper gradually reduced to 28 mm. long, long-acuminate, sub¬ 
entire, broadly cimeate or obtuse at base, the veinlets somewhat 
enlarged and callous at the margin at intervals of about i cm., 
minutely puberulent above when young, scabrellate on the sur¬ 
face at maturity but persistently puberulent along the midvein, 
thinly pubescent on the veins beneath, lateral veins ascending; 
hypanthiiim broadh* obconic, 7.5 mm. high, sparsely puberulent; 
sepals reflexed, narrowly oblong-triangular, 3.5 mm. long with 
I or 2 low callous crenations on each side, puberulent, obtuse, 
separated by broad rounded sinuses; corolla very^ sparse!y^ pii- 
beriilent, the straight tube 14 mm. long on the lower side, 20 mm. 
on the upper, the lower lobe 8 mm. long, 3 mm. wide, the lateral 
lobes broadlyy triangular, 8 mm. long, 6 mm. wide, acute, abrupt¬ 
ly decurved at the apex, the upper lobes oblong-falcate, 13 mm. 
long, 4 mm. wide; filament-tube 37 mm. long, glabrous; anther- 
tube decurved, 5 mm, long, sparsely puberulent on the sutures,, 
villous with short hairs at the tip. 

Ty^pe, Pennell 4399, collected 7-1 1, Sept. 1922, in a forest' 
above' Cascada ' Chorron, south ■ of Antizales, , Dept. • Bolivar, 
Colombia, alt. . 2400-2700 m.,, and 'deposited in the herbarium, of 
the. New York Botanical Garden.. 

■ 4,', B. MARGINATA Karst. Linnaea ' 28 : 445.. ,18.56.,,;': 

..'Colombia: .Triawa' 1585 ,(type’', P),''.vicmity''ofConsota'Mn 
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Quindio, alt. 1350 m. (near Pereira, Dept. Caldas); Andre 343Q 

(K), • 

5. B. CYLINDROCARPA Zahlbr. Repert. Spec. Nov. 13 : 533. 1915. 

Ecuador: Lehmami ig2 (type), western slopes of Quito Andes 
near Angui, alt. circ. 1800 m., Prov. Pichincha. 

6. Burmeistera glauca (Wimmer) n. comb. 
Ceniropogon glaucus Wimmer, Repert. Spec. Nov. 19 : 251. 1924. 

Panama: Pittier 321P (type, W), humid forest of Cuesta de 
las Palmas, southern slope of Cerro de la Horqiieta, Chiriqui, 
alt. 1700-2100 m. Colombia: Pemtell 4440, forest, Antizales, 
Dept Bolivar, alt. 1700-2000 m., 25, 26 Feb. 1918 (Y); Pennell 
dr KilUp 37g8, forest above La Cumbre, Dept. El Valle, alt. 
2000-2200 m., 14-19 May 1922 (Y); Killip Ii,3g4, bushy summit 
of west peak. La Cumbre, Dept. El Valle, alt. 2100-2400 m., 
II, 18 Sept. 1922 (Y); Pittier J42, Cuesta de Tocota, road from 
Buenaventura to Cali, western Cordillera, alt. 1500-1900 m., 
Dept. El Valle, Dec. 1905 (W). 

7. B. SODIROANA Zahlbr. Repert. Spec. Nov. 13 : 534. 1915. 

Ecuador: Sodiro gihSy along Rio Pilaton, Prov. Pichincha, 
ait. 900-1600 m. Not seen: from Zahlbruckner’s description 
apparently related to g/awca. 

8. B. CRispiLOBA Zahlbr. Repert. Spec. Nov. 13 : 528. 1915. 

Ecuador: Sodiro,gi[24 (type), subtropical forest of the valley 
of Pallatanga, Prov. Chimborazo; A (K). 

9. B. LEUCOCARPA Zahlbr. Repert. Spec. Nov. 13: 529. 1915. 

Ecuador: Sodiro gilzi (type), temperate forests near S. 
Floreiieio and Niebly,',Prov. Pichincha; Pachmio 177, Ambato, 
Prov. Tungurahua (Y, W); Jameson 64, 643, 707, all from Pich¬ 
incha'(K), . 

10. . B. CERASIFERA Zahlbr. Repert. Spec. Nov. 13 : 532. 1915. 

. , Colombia: Lehmann 2g34, border,of dense forests in the plain 
of the lower Rio Dagua, Dept. El Valle, alt. 100-300 m. Not 
seen: from the original description'apparently related to 5.,'6rt.s- 
pilo'ba. , The e'xceptionally'low altitude of this'apecies, is .note¬ 
worthy. 
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II. B. RESUPINATA Zahlbr. Repert. Spec. Nov. 13 : 530. 1915, 

Ecuador: Sodiro gil20, cliffs along Rio Pilaton, Prov. Pich- 
inclia, alt, looo-iGoo m. Not seen: from the original description 
apparently related to B. lea cocar pa. 

12. B. succuLENTA Karst. Linnaea 28 : 445. 1856. 

Centropogon lofigipes Zahlbr. Ann. Naturh. Hofmus. Wien. 6: 

439. 'iSgi. 

Venezuela: Caracas, Fiinck Schlim 442 (P), Linden 2ji (K, 
P); vicinity of Colonia Tovar, Fendler yji (G, K, Y), Pittier 9317 
(W, Y); Pittier 8120^ headwaters of Rivers Chichiriviche and 
Petaquire, Coastal Range, Federal District, alt. 1800-2000 m., 
4Sept. 1918 (W). Colombia: Tria^ta 1586 (type, P), “Mariquita 
Prov. Col.” [probably Mariquita, Dept. Tolima]; Holton (Y); 
Pennell 5151, forest, La Cumbre, Dept. El Valle, ait. 1800-2000 
m., 7-10 May 1922 (V); Penmll 10,683, edge of woods, San 
Clemente, Dept. Caldas, alt, 1800-2200 m., 16 Sept, ig.22; Pennell 

Killip 5783, forest above La Cumbre, Dept, El Valle, alt. 
2000-2200 m., 14-19 May 1922. Ecuador: Jameson, Quito (K); 
Spruce 6212, base of Mt. Chimborazo (K). 

13. Burmeistera Kiiiipii n. sp. Stem shrubby, finely stri¬ 
ate, pubescent with scattered, flat, lanceolate, brown hairs, the 
internodes about 15 mm. long; petioles stout, 7 mm. long, chan¬ 
neled above, pubescent like the stem on the back; leaf-blades 
dull green, coriaceous, broadly ovate, 20-30 mm. long, 17-25 
mm. wide, obtuse or subacute, broadly rounded or subcordate 
at base, minutely serrate with low, callous, ascending teeth 3-4 
mm. apart, glabrous with deeply impressed, arcuately ascending 
veins above, sparsely pubescent beneath, especially on the promi¬ 
nent veins, with spreading crooked hairs nearly i mm. long; 
peduncles from the upper axils, stout, spreading, 10-15 mm. 
sparsely pubescent, becoming more densely"'pubescent toward the 
summit; hypanthium depressed-globose, 5 mm. long, pubescent 
with brown.crooked .hairs 0.5 mm. long; sepals firm, reflexed,: 
'obovate-oblong,.4 mm. long, 2.5 mm., wide, rounded at the apex, 
sparsely ciliate, glabrous’-on 4 he surface; corolla-tube .glabrous, 
12 mm, long below, 18 mm.^long'above;. corolla-lobeS' acute, 
strongly depressed, sparsely pubescent,' tlie^.'lower ovate-lance¬ 
olate,.6,mm. long, the lateral triangular-ovate, 6'mm..'long,'4','mm. 
wide,.■ the,uppervtriangular-oblong,'falcate,; 8,'mm. long,'4' mm.- 
wide; androecium 'glabrous;,.,filament-tube 'long-€Xserted, 38 mm, 
long.;anther-tube,3 mm. long. 
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Type, Killip 7980, collected in the forest at “La Gallera/' 
Micay valley, Dept. El Cauca, Colombia, alt. 2200-2500 m., 
I July 1922, and deposited in the herbarium of the New York 
Botanical Garden; Pennell 7527, shrub-zone, Mount El Trueno, 
Dept. El Caiica, alt. 2700-3000 m., 29-30 June ig22(Y). 

14. B. MULTIFLORA Zahlbr. Repert, Spec. Nov. 13 : 530. 1915. 

Ecuador: Quito Andes, Jameson 542 (duplicate of the type, 

V); Andre3088 (K), 

15. Burmelstera Pennellii n. sp. Stem apparently herba¬ 
ceous, finely striate, pale green, sparsely pubescent when young 
with spreading white hairs 0.4 mm. long, becoming glabrous 
with age, the internodes 3-5 cm, long; petioles stout, compressed, 
15-25 mm. long, pubescent like the stem; leaf-blades elliptic- 
oblong, thin and membranous, deep green, 18 cm. long, 7.5 cm. 
wide, the uppermost smaller, broadest about the middle, abruptly 
narrowed into a subacuminate or short-cuspidate tip, sharply 
denticulate with low, broadly triangular, callous teeth (about 
3~4 teeth per centimeter of margin), acute at base, minutely pu- 
berulent on the surface above, more densely so on the midvein, 
softly pubescent on the veins and veinlets below with minute 
spreading hairs 0.4 mm. long, lateral veins widely spreading, 
nearly straight; pediincles from the upper axils, erect, strongly 
compressed, 8 cm. long, minutely puberulent; hypanthium sub- 
globose, 9 mm. high, sparsely puberulent; sepals erect, narrowly 
ovate-oblong, 12-14 mm. long, 3-4 mm. wide, obtuse, sparsely 
puberulent, conspicuously ciliate, with about 6 pairs of callous, 
barely protuberant teeth; corolla sparsely puberulent, the tube 
7 mm. long below, 15 mm. long above, the lobes narrowly tri¬ 
angular-falcate, the terminal 16 mm. long; filameiit-tube 23 mm. 
long, puberulent or subtomentose with yellow hairs; anther-tube 
glabrous, bright yellowy minutely villous at the orifice. 

Type, PenneU 12,119, collected near the Rio San Rafael, be- 
low" Cerro Tatama, Dept. Caldas, Colombia, alt. 2500-2700 m., 
7-11 Sept. 1922, and deposited in, the herbarium of the New" 
York Botanical Garden. 

16. Burmeistera connivens n. sp. Stem apparently herba¬ 
ceous, faintty striate, glabrous to minutely scabrellate, the inter¬ 
nodes about 3 cm. long; leaves membranous, dark green, obovate- 
oblong,„ii cm. long, 4 cm. wide, or The upper smaller,' abruptly 
na;rrO'Wed'above into an acute or'.subacuminate Tip,'.gradually 
attenuate, at base into a poorly '..defined, winged' petioleL's,liarply' 
.denticulate with, low ca.llouS' teeth. ■■(3-4 teeth per, centimeter of^ 
margin.,' 0.5'nim. high),,"glabrous, ur .with, a few. slender/hairs on 
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the veins beneath, the lateral veins arcuately ascending, the 
veinlets conspicuously reticulate beneath; peduncles from the 
upper axils, slender, compressed, glabrous, 4-5 cm, long; hy- 
panthium short-cylindric, 4-5 mm. high, 3-4 mm. wide when 
pressed, glabrous, rounded at the base; sepals erect, firm, ovate- 
oblong, 6 mm. long, 3 mm. wide, obtuse, conspicuously crenulate, 
somewhat narrowed to the base, glabrous, separated by narrow, 
acute sinuses; corolla essentially glabrous, about 20 mm. long; 
filament-tube puberulent, 35 mm, long; anther-tube glabrous, 
minutely villous at the orifice, 7 m.m. long. 

Type collected by Lehmann in the central Andes of Popa\ 4 n, 
Dept. El Cauca, Colombia, alt. 3000-3300 m., distributed by 
the Bentham Trustees as number 1186, and deposited in the 
herbarium of the New York Botanical Garden (also G). 

17. B. GLABRATA (H.B.K.) Benth. & Hook.; B. D. Jackson, 
Ind. Kew. 1: 361. 1895. 

Lobelia glabraia H.B.K. Nov. Gen. & Sp. 3 : 307. 1818. 

Siphocampylus glabrata G. Don, Gen. Syst. 3 : 702. 1834. 

Ceniropogofi glabraius Planch. & Orsted, Vidensk. Meddel. 1857 : 

157. 1357. 

Colombia: Bonplajid (type, P), near Bogota, alt. 1650 m,; 
Pennell 2jg2, moist forest, El Penon, southwest of Sibate, Dept. 
Cundimarca, alt. 2800-2900 m., 13 Oct. 1917 (Y). 

18. Centropogon rubrosepalus Wimmer, Repert. 

Spec. Nov. 19 ; 252. 1924. 

Ecuador: near Quito. Not seen: according to the original 
description apparently related to B. glabrata. 

19. B. LACERATA Karst. Linnaea 28 : 445. 1856. 

B.xeratocarpa Zahlbr. Repert. Spec. Nov. 13 : 534. 1915. 

Colombia: Andre 3046 (K); Linden 1071 yQainAxo (P, prob¬ 
ably' the type); Pennell 10,323, clearing, Rio San Rafael, below 
Cerro . Tataraa, Dept. Caldas, alt.'220'0-2400 m., 7-11 Sept. 
1922 (Y), 10,421, along stream in forest,,'alt,,2500-2800"in.,'same 
■locality .and date, (Y),, 5J4S,'forest,' La Cumbre, Dept. El;.Valle, 
alt. 1800-2100 m.,: ,7-10' May 1922 ,(Y); Pennell:&-,'KiUip 577J, 
forest above La Cumbre, .alt. 1800-2100 'm., 14-19 May ,1922 "(Y); 
KilUp" & 'Hmen. ■11,164, forest, La- Cum'bre, alt. 'i7oo-2io0"m., 9 
Sept., 1922 (Y),; Pennell ■& Kf&*^;7'22p,'WOoded.va!e' west-of RiO' 
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Sucio, Dept. El Cauca, alt. 1500-1600 m., 27 June 1922 (Y), 
7240, hillside thickets east of Rio Ortega, Dept. El Cauca, alt, 
I500“i700 m., 27 June 1922 (Y), 8063, along stream, Rio Ortega, 
north of Tambo, alt. 1900-2100 m., 2 July 1922 {Y);Killip 7770, 
forest, "'La Gallera” Micay valley, Dept. El Cauca, alt. 1400-- 
1500 m., 29-30 June 1922 (Y), forest, “La Gallera,” ait, 

1900-2000 m., I July 1922 (Y), 7P55, same place and date, alt. 
2000-2200 m., (Y), 7862, open land west of Rio San Joaquin, 
Dept. El Cauca, alt. 1400-1500 m., 29-30 June 1922 (Y); Leh- 
mmm B. T. 1074, Popayan (Y), B, T. 1076, Capilla, near Po- 
payan, Dept. E! Cauca (Y), 5767, Couga, western Andes of Po- 
payan, alt. 1700-2100 m. (duplicate of type of B. ceratocarpa.Y), 
Ecuador (?): Spruce jj76 (K). 

The species presents a considerable variation in foliage, as 
might be expected from so common a plant.* Zahlbruckner’s 
B. ceraiocarpa seems to be only a somewhat xerophytic form. 

20. B. SYLvicoLA Zahlbr. Repert. Spec. Nov. 13 : 532. 1915. 

Colombia: Lehmamt 2ggo, dense humid forests of the Cordil¬ 
lera occidental, in the heights of Cali, Dept. El Valle, alt. 2000 m. 
Not seen: according to the original description apparently related 
to B'. Incerata. 

21. Burmeistera camosa n. sp. Stem herbaceous, minutely 
puberulent with oppressed hairs when young, glabrescent with 
age, persistently and densely pubescent at the base of each ped¬ 
uncle, the internodes 10-15 mm. long; petioles stout, 8 mm, 
long, essentially glabrous, strongly channeled above; leaf-blades 
elliptic-oblong, thick and somewhat fleshy, dull green, frequently 
tinged with red beneath or at the margin, the largest T3 cm. long, 
4.5 cm. wide, the upper smaller, short-acominate, broadly cu- 
neate to subrotund at base, glandular at the margin, the glands 
(about 4 per centimeter of margin) occasionally, protuberant 


*Eciitor*s note. In view of Dr. Gleason's characterization of C. lacerata 
as common a plant,” it is a matter of surprise and disappointment to the 
editor, as a member of the Colombian Expedition of 1922, that this species was 
not found by us in the type region, the Quindio, where much time was spent in 
intensive collecting. It is even more disappointing,that though two members 
of the Expedition,' in .going over the Old Quindio Trail to Ibague, passed 
through ‘'*'La Pamilla, ” the type station for Karsten’s unknown ,5. ibagmnsis^ 

; no Burmeistera was found on that trip. This failure can hardly be .ascribed 
"entirely to the' fact that this'.genus'is characterized by inconspicuous green 
flowers. ' 
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into low teeth, glabrous above, minutely puberuleiit on the purp¬ 
lish veins beneath, the veinlets prominently reticulate; peduncles 
from the upper axils, stout, divergent, glabrous, 4-5 cm. long; 
hypanthium subglobose, 5 mm. high, glabrous; sepals widely 
spreading or somewhat redexed, linear, 13-18 mm. long, glabrous, 
finely veined, acute, frequently purple at the margin or base, 
with 3 or 4 pairs of minute teeth; corolla glabrous, the tube 8 mm. 
long below, 13 mm, above, lateral lobes broadly triangular-fal¬ 
cate, 8 mm. long, upper lobes linear-falcate; filament-tube mi¬ 
nutely puberuleiit, 23 mm. long; anther-tube 6 mm. long, glab¬ 
rous, villous at the orifice; fruit subglobose. 

Type, Pennell & Killip 732$, from a wet glen in the forest. 
'‘San Jose,’’ San Antonio, Dept. El Cauca, alt. 2400-2700 m.. 
28 June 1922, deposited in the herbarium of the New York Bot¬ 
anical Garden. Other collections from Colombia are Pennell 
4384, forest above Cascada Chorron, south of Antizales, Dept. 
Bolivar, alt. 2400-2700 m., 25 Feb. 1918 (Y), P405, wet place, 
edge of forest,'' Pinares, ” above Salento, Dept. Caldas, alt. 2700- 
2900 m., 2-10 Aug. 1922 (Y), 12,142, shrub zone, Mount E’ 
Truena, Dept. El Cauca, alt. 2700-3000 m., 29-30 June 1922 (Y) 

' 22. Burmeistera asclepiadea n. sp. Stem suffrutescent, 
glabrous, ridged, the internodes about 8 cm. long; petioles stout, 
glabrous, 10-12 mm. long; leaf-blades deep green, thin, broadly 
ovate-oblong, the largest 14 cm. long, 7.5 cm. wide, the upper 
smaller, abruptly short-acuminate, broadly rounded or subcor- 
date at base, entire, but with intramarginal callosities (1-2 per 
centimeter of margin), glabrous above, very minutely puberu- 
lent beneath; peduncles from the upper axils, slender, divergent, 
glabrous, 5-6 cm. long when fully grown; hypanthium sub- 
globose, glabrous, faintly ribbed, 5 mm. high; sepals widely 
spreading or partly refiexed, green, linear, 15 mm. long, 2 mm. 
w^ide, obtuse, entire, with a few intramarginal callosities, glab¬ 
rous, inconspicuously '3-nerved;-corolla glabrous, the tube 16 
mm. long above, half as long below, the lobes narrowly triangular- 
falcate, the terminal 14 mm. long; filament-tube 30 mm. long, 
sparsely subtomentose wdth gray hairs; anther-tube stout, 5 mm. 
long, gray, thinly piiberulent; fruit apparently globose. 

Type, R'usby Pennell 7Q3, collected in, a, forest: at ‘‘Balsil- 
las,” on the Rio Balsillas, Dept. Huila, Colombia, alt. 2100-2200 
■ Aug*. ■1917T and 'deposited'. in the herbarium of the, Ne’W' 

'■York Botanical Garden., A second specimen; is Rmiy"& Pennell' 
bS'/,, 'forest,■ .Cordillera: oriental, east.of ..Neiva,'.Dept., Huila., alt.. 
'.,.22'OO-25,o0,m., 1-8 Aug, 1917 (Y)..;, 
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Burmeistera acuminata Karst* Linnaea 28 : 445. 1856, B. 

ibaguensis Karst* I. c, 444, and B. pomifera Karst. 1 . c. 445, were 
briefly and inadequately described and are unknown to me. B. 
tomentosula Karst. (/. c, 445) also has not been seen by me^ but is 
supposed from the description to belong to the genus Centropogon, 
section Burmeisteroides (cf. Bull. Torrey Club 51 : 447. 1924,). 



The genus Hymenopappus in Colorado 
George E, Osterhout 

The genus Hymenopappus is a difficult one to study because 
the characters by which the several species are distinguished are 
not direct!}/ evident. There is a great similarity in the heads of 
flowers and in the foliage. Hence the achenes and the florets 
have been carefully examined for characters by which to group 
the species. The following synopsis has little of originality in it, 
but the grouping of the species differs from the manner in which 
it has been customary to arrange them, and is offered as a study 
in the genus. 

I. Throat of the corolla campanulate, 1.5-2 mm. long. 

Paleae of the pappus ver}- short and hidden by the achene, 

or none. i. H.luteus 

Paleae of the pappus shorter than the corolla tube—about 
half its length—not hidden by the hairs of the achene. 

A biennial with creamy white flowers. 2. H. iemiiJoUns 

A perennial with yellow flowers; heads smaller and more 

numerous.'. 3. H. polycephalus 

2. Throat of the corolla cylindrical, 2.5-4 rnm. long. 

Paleae of the pappus equalling the corolla tube, or nearly 
so. 

Throat of the corolla 2.5-3 nim. long; stem leafy.4. H. arenosus 

Throat of the corolla 3-4 mm. long; stem scapose. 5. If. fitidafns 

I. Hymenopappus luteus Nutt. Trans. Am. Phil. 

Soc. 7:374. 1841. 

Dr.'Gray (Syn. FL 'N. Am. 12: 336. 1884.) made' H. luieus 

a synonym of H.filifokus Hook., and so far as the plants of Colo¬ 
rado are concerned this might be ail right. Some of the plants 
are tomentose and some are not, but they are nearly of the same 
size, and the . flowers and achenes are .alike. But I hesitate to 
make H. hdeus 'the. same as the iJ. filifalius of the. northwest— 
Oregon, Washington, and Idaho.. The type locality:.of Tf'..'jili- 
folius 'ls the Columbia River valley, t.hough it has, been said to 
■ range from Montana through. Kansas, Nebraska,, and Colorado' 
to New'M.€x,ico,.'but I have seem no specimens .from, these■ states 
and"! suspect it has. been ■confused -with other species.', .In. de- 
'■■scribing'if.Dr. Rydberg-observed.:, ''This .species,,;has 

■'...'■■..105 ; 
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been confused with H. filifolms and H. flavescens. . « .The spe¬ 
cies is, however, much nearer related to H. filijolius from which 
it differs mainly in the lower habit and the longer scales of the 
pappus.” Specimens of H. knuifolius have also been listed as 
H. fiUfoliiis. My collections of H. hiteus were made from loca¬ 
tions west of the mountains, from the vicinity of Craig in Moffat 
County. A part of the specimens are tomentose and a part are 
becoming glabrate. 

2. Hymenopappus tenuifolius Pursh, Fi. 2: 742. 1814. 

The type locality is ‘‘In Upper Louisiana,” and the speci¬ 
mens were collected by Bradbury in 1810. My collections were 
made on the plains of eastern Colorado, where it is rather 
common. 

3. Hymenopappus polycephalus Osterhout, Torreya 
18:90. 1918. 

In the Synoptical Flora (/. c) under H. fiUfolius Dr. Gray 
wrote: “ Northeastern forms are greener, more leafy, with smaller 
heads, approaching H, temiifolms." I suspect the plants re¬ 
ferred to are the above species, for Dr. Gray did not limit H. fili- 
falius to plants with a very short pappus. This species is found 
along the eastern side of the foothills of northern Colorado and 
eastward into the Plains. 

4. Hymenopappus arenosus Heller, Bull. Torrey Club 
25 : 200 . 1898. 

H. cifierem Rydberg, Bull. Torrey Club 27 : 634. 1900. 

H. ochroletmis Greene, PL Baker. 3 : 30. 1901. 

H. panndus Greene, L c. 

In the original description of H. arenosus Heller wrote: “cor¬ 
ollas 5 mm, long, the tube occupying nearly half the, length, the 
throat cylindrical rather than campanulate, the triangular lan¬ 
ceolate lobes little more than one-fourth the length of the throat, 
achenes villous with long hairs; palae of the pappus oblong or 
slightly contracted below, a little longer than the corolla tube.” 
Except for some less tomentum I think that H, cinereus Rydberg' 
is' the same, and iJ. parvulus Greene'is only a small flowered, 
glabrate form. In some plants'of iJ. arenosus the, flowers may 
have campanulate corollas, but the'long pappus scales easily 
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separate it from H. teniiifolhis. The type locality of H. arenosns 
is “near Espanola, Santa Fe County, New Mexico.” and so far 
as I know, it has not been found farther north than Larimer 
County, Colorado. It grows both on the eastern and western 
sides of the mountains. 

5, Hymenopappus xudatus Wooton & Standley, 
Contr. LT. S. Nat. Herb. 16 : 191. 1913. 

The type locality of H. ntidatus is in New Mexico, and a 
specimen of the type number is in the Rocky Mountain Herbar¬ 
ium of the University of Wyoming. It is probable that this is a 
synonym of H. macroglottis Rydberg (Bull Torre}' Club 27 : 634. 
1900.) which was somewhat doubtfully reported from Colorado 
in the original description. 

I have two collections of H, nudatiis, one made at DeBeque 
in Mesa County, the other made at Grand Junction in the same 
county. The Grand Junction specimen is tomentose, the other 
is becoming glabrate. Tomentum is not a good character by 
which to separate species in Hymenopappus. 

The standing of Hymenopappus filifolius, as indicated above 
under H. hiteus, is rather uncertain, and if it occurs in Colorado 
it would seem to be in the section west of the mountains where 
H. hiteus is also found. The glabra te forms key as well into if. 
filifolius as into if. hiteus. 

Hymenopappus scaposus Rydberg (Bull. Torrey Club 27 :634. 
1900.) has also been listed for Colorado, being reported by Coul¬ 
ter and Nelson (New Manual of Botany of the Central Rocky 
Mountains 555- 1909.) as ranging from Colorado to New Mex¬ 
ico and Nevada; but Rydberg (N. A. Flora 34 : 53. 1914, and 

Flora of the Rocky Mountains- 943. 1917.) still restricts the 

distribution of this species to Utah, Nevada, ilrizona, and New 
Mexico, as at the time of its original description, and I have seen 
no specimens from Colorado. 

■ Windsor, Color^vdo, 
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Adams, J. F. The use of sulphur as a fungicide and fertilizer 
for sweet potatoes. Phytopathology 14:411-423. /. 1-4. 
“S” 6 O 1924. 

Allen, W. E. Observations on surface distribution of marine 
diatoms of lower California in 1922. Ecology 5 : 389-992. 
24 O 1924. 

Artliur, J. C. (Uredinales)' Aecidiaceae (conclusio). ' N. Am, 
FI. 7 :605-668. 29 O 1924. 

Barker, H. D., &'Hayes, H. K. . Rust resistance in timothy. 
Phytopathology^ 14 : 363-371. /. J. 20 xAu 1924. 

Benedict, R. C. Variation among the sporelings of a'fertile 
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' Am. Jour. Bot. 11 : 547-557. ■■■ /.f-id." ' 12'N 1924. 
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Bienfaitj & Pfeiffer^ J. P. A scheme for systematic identi¬ 
fication of woods with the aid of a hand lens. Jour. For. 
22: 724-761. N 1924. 

Blake,! S* F. New South American Verbesinas. Bull. Torrey 
Club 51 : 421-436. 24 O 1924. 

Including descriptions of 13 new species. 

B^rgesen, F. Plants from Beata Island, St. Domingo, collected 
by C. H. Ostenfeld. 4. Marine algae. Dansk Bot. 
Arkiv. 4 ”: 14-35- /• 1924- 

Boyntoiij K. R. WhiifieMia lateritia. Brick-colored Whitfieldia. 
Addisonia 9 : 43"44. pi,310. 15 N 1924. 

Brandegeej T. S. Plantae Mexicanae Piirpusianae, XII. Univ. 
Calif. PubL Bot. 10: 403-421. 27 O 1924. 

Including 51 new species. 

-Brink, R. A., & MacGillivray, J. H. Segregation for the waxy 
character in maize pollen and differential development of 
the male gametophyte. Am. Jour. Bot. 11: 465-469. 
‘‘Ji” 14 Au 1924. 

Britton, E, G. A trip to El Yunque, Porto Rico. Torreya 24 : 
83-86. 28 O 1924. 

Britton, N. L. Asterandra grandi^clia, Tobillo. Addisonia 9 : 
41, pi. 309^ 15 N 1924. 

Burret, M. Cecropia Vageleri, Heisteria Vagelerij Lindackeria 
Vageleri n. spp. -Notizbl. Bot. Gart. Berlin 9 : 49-51, 54, 
ijei924. 

Cannon, W. A. A note on the relation of root-growth in the soil 
to the oxygen supply: the growth ratio. Ecology 5:319- 
321. 24 O 1924. 

Conard, H. S. Second survey of the vegetation of' a Long 
Island salt marsh. Ecology 5 :379”388. /. 7. 24 0 -1924, 

Conner, A. B., & Karper, R. E. , Chlorophyll deficiencies in 
■ Sorghum,' Jour. Hered. 15 ,: 377-378. 7. ''S”'33 N 

' 1924- - 
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Cookj O. F. Acroniania or *'‘Crazy-top, ” a growth disorder of 
cotton. Jour. Agr. Res. 28 : 803-828. ph J-ij. 24. My 
1924. 

DarroWj G, M,, & Detwiler S. B, Currants and gooseberries: 
their culture and relation to white-pine blister rust. 
U. S. Dept. Agr. Farmers’ Bull. 1398: 1-38. j. i~2j. 
All 1924. 

Day^ L. H. Experiments in control of cankers of pear blight. 
Phytopathology 14:478-480. /. J. ‘" 0 ” 5 N 1924, 

DemereCj M. A. A case of pollen dimorphism in maize. Am. 
Jour. Bot. 11:461-464. j,i. ''Ji” 14 Au 1924. 

Denslow, H. M, Isoiriavenidllata. Whorled Pogonia. Addi- 
sonia 9 : 33 ” 34 - 15 N 1924. 

Denslow, H, M. Native orchids of Manhattan Island. Jour. 
N. Y. Bot Garden 25 : 290-293. N 1924. 

Diels, L. Gmiteria A-ugustd, Xylopia Pittieri n. spp. NotizbI. 
Bot. Gart. Berlin. 9 : 51-52. i Je 1924. 

Dodge, B. 0 ., & Stevens, E. The Rhizocionia brown rot and 
other fruit rots of strawberries. Jour. Agr. Res. 28 : 643- 
648. pLi-j. i7AlyM924. 

Eyster, W. H. Heritable characters of maize. Polkadot 
leaves. Jour. Hered, 15:397-400. /.17. “S”33N 1924. 

Fant, G. W. The manner of infection of peach twigs by the 
brown rot fungus. Phy’topathelogy 14 : 427-429. 

6 O1924. 

Fedtsclaenko, B. ' Clethraceae de FAmerique du Sud. Svensk. 
Bot. Tidsk. 18 :487-491. 1924. 

Including ClelhraBridgesii^n,sp, 

Fernald, Mt L. I solation and endemism in northeastern America 
, and their relation to the age-and-area • hypothesis.' " Am. 
Jour. Bot. 11:558-572. 12 N 1924. ". (with 9 maps) 

Fred. E. B.,. Wilson, F. C., & Davenport, A. The distribution 
and significance of bacteria'in Lake Mendota. ' 'Ecology' 
, is: 222-339. '24O 1924. A' 'j'''^ 



II2 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


Freemaiij E, M.^ & Melander, L. W. Simultaneous surveys for 
stem rust: a method of locating sources of inoculum. 
Phytopathology 14 : 359“362. /. i. 20i\u 1924. 

Fulton^ H. R.j & Winston, J. R. Controlling blue mold rot of 
citrus fruits with borax solution. Florida Grower 30 : 7. 
I N 1924. (Illust.) 

Galloway, B. T. How to collect, label, and pack living plant 
material for long-distance shipment. U. S. Dept. Agr. 
Circular323: i-ii. pL i~io. S 1924. 

Gleason, H. A. Age and area from the viewpoint of phyto¬ 
geography. Am. Jour. Bot. 11: 541-546. 12 N 1924. 

Gleason, H. A. Monarda fistidosa. Wild bergamot. Addiso- 
nia 9 : 39-40. pLjoS. 15 N 1924. 

Gleason, H. A. RudbecMa triloba. Thin-leaved cone-flower. 
Addisonia 9 ; 47-48. pLjJ2. 15 N 1924. 

Goss, R. W. Potato wilt and stem-end rot caused by Fiisarium 
Eumariii. Nebr, Agr. Exp. Sta. Res. Bull. 27: 3-83. pL 

i-g. Je 1924. 

Grier, N. M. Unreported plants from Long Island. Torreya 
24:71-76. 28 O 1924. 

Harper, R. M. A new heart-leaf and other interesting plants 
from Autauga County, Alabama. Torreya 24 : 77-83. 
28 O 1924. (Illust.) 

Including Hexastylis speciosa comb. nov. 

Harris, J, A., Lawrence, J. V., & Lawrence, Z. W. The chlorid 
content of the leaf tissue fluids of Egyptian and upland 
cotton. Jour. Agr. Res. 28 : 695-704. 17 My 1924. 

Hayes, K.' Methods of corn breeding. Minn. Agr. Exp., 

, Sta. Bull. 210: 1-22. /. x-j. .-Ap 1924. 

Hicbel, ,R.' Les Taxodium du Mexique. • Bull. Soc. Dendr., de 
Fr. 1924 : 84-109.' 15 xAu 1924. (Illust.)" • 

Holm, T. Ilysantjies, Scrophularia and Linaria .,' A Morpho- 
iogica! study. ' iVm. Jour. Sci. 8: 395-'4io.'1-5N1924.) 
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Hollickj A, Pintis rigida. Eastern pitch pine. Addisonia 9: 

45-46. PL311. 15 N 1924. 

HottSCi H, D. Annotated list of the ferns and flowering plants 
of New York State. N. Y. State Mas. Bull. 254 : 1-759. 
1924. 

Hungerford, C. W., & Dana, B. F. Witches’ broom of potatoes 
in the northwest. Phytopathology 14 : 372-383. /. i- 
4 + pi. 25. 20 Au 1924. 

Kempton, J. H. Jala maize, a giant variety from Mexico. Jour. 
Hered. 15 : 337 - 344 - /- 25 0 1924, 

Langworthy, C. F. Radioactivity of ripe tomatoes. Science II. 
50 : 405-406. 31 O 1924. 

Lemoine, [M.]. Plants from Beata Island, St. Domingo, col¬ 
lected by C. H. Ostenfeld. 5. Melobesieae. Dansk Bot. 
Arkiv. 4 ^: 36. 1924. 

Lenkel, R. W. Equipment and methods for studying the rela¬ 
tion of soil temperature to diseases in plants. Phyto¬ 
pathology 14 : 384-397. /. 1-5. 20 Au 1924. 

Liilo, M. Segunda contribucion al conocimiento de los arboles 
de la Argentina. 1-55. 1924. 

Published by LTniversidad Nacional de Tucuman Museo de Ciencias 
Naturales. 

Longley, A. E, Chromosomes in maize and maize relatives. 
Jour. Agr. Res. 28 : 673-682. pi 1-3. 17 My 1924. 

Love, H. H., & Craig, W. T. The inheritance of pubescent 
nodes in a cross between two varieties of wheat. Jour. 
Agr. Res. 28 : 841-844, 14 My 1924. 

Macbride, J. F. Summer wild flowers. Field Mus. Nat, Hist. 
Bot. Leaflet 9 : 1-30; Autumn flowers and fruits 10: 1-29. 

'■ 1924. (lllust.) 

Mackie, W. W., & Alien, R. F. The resistance of oat varieties to 
stem rust. Jour. Agr. Res. 28 : 700-719., pi 1-2. ^ 17 My 
1924. 

ManevaLW- E. Longevity of cultures of Ftisammi, Phytopath- 
' 'ology 14:408-410.''.'''"S”6O'1924.,. 
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Manevaij W, E. The viability of iiredospores. Phytopath¬ 
ology 14 : 403-407. 6 0 1924. 

MaGEj M. C. Microsporogenesis of Ginkgo biloba L. with es¬ 
pecial reference to the distribution of the plastids and to 
cell wall formation. Univ. Calif. Publ. Agn.Sci. 2: 243- 
248. pi. 44, 17 S 1924. 

Mansfeidj R« Tropaeolum olmosense, n. sp. , NotizbL Bot. Gart. 
Berlin 9 : 52“53. i Je 1924. 

Markgrafy F. Neae Apocynaceen aus Siidamerika. NotizbL 
Bot. Gart. Berlin 9 : 77-90. pL 1-8. 3 Je 1924. 

Inciucling' new species and genera. 

Massejj A, B. A study of Bacillus araideae Townsend, the 
cause of a soft rot of tomato, and B. carotovonis Jones. 
PhytoDathology 14 : 460-477. /. i-j. “ 0 ” 5 N 1924. 

Merrill, E. D. New species of plants from Indo-China. Univ. 
Calif. Pub. Bot, 10: 423-430. ii O 1924. ' 

Including descriptions of 13 new species. 

[Moore,G. T.] Frost flowers. Missouri Bot.Garcl. BulLl2: 104- 
105. pL 31,32, O1924. 

[Moore, G. T.] Some valuable members of the mint family. 
Missouri Bot. Gard. Bull. 12: 99-103. 0 1924. 

Melson A. Taxonomic studies, i. Phloxes, old and new. 2. 
What is Phlox Kelseyi? 3. New genera in the Compositae. 
4. Actinea. 5. Miscellaneous new species. Univ. Wyo¬ 
ming Publ. Sci. Bot. 1: 47-68. 10 O 1924. 

Including new species and genera. 

Mewsom, V. M. Violets of Southern California. Bull. So. 
Calif. Acad. Sci. 23 : 159-164. 25 O 1924. 

Ocfemla, G. O. The relation of soil temperature to germination 
of certain Philippine upland and lowland varieties of rice 
and infection by the Helminthosporium disease.' Am. 
Jour. Bot 11: 437-460. pi. 2g-32. '^JU’ 14 Au 1924: 

Ostenfeld, C. H, Plants from Beata Island, St. Domingo, col¬ 
lected by C. H. Ostenfeld. i. General remarks on the 
vegetation. Dansk Bot. 'Arkiv. 4 ’': i-'4.. 1924. 
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PaysoiijE^B/ Miscellaneous papers, i. Scoliaxcn: a new ge¬ 
nus of Mexican Cruciferae. 2. Schedins’ white-streaked 
rose. 3. Collomia dehiUs and its relatives. 4. The spe¬ 
cies of Penstemoii native to Wyoming. 5. Variations in, 
Tetradymia. Univ. Wyoming Publ. Sci. Bot. i: 69--108. 
J.i-6. 1001924. 

Pearson, G. A. Studies in transpiration of coniferous tree seed¬ 
lings. Ecology 5 : 340-348. f. 1-2. 24 O 1924. 

Peilett, F. C. Our honey plants. Bull. Card. Club Am. U. 20: 
33-35. N1924. 

Petersen, J. B, Plants from Beata Island, St. Domingo, col¬ 
lected by C. H. Ostenfeld. 3. Cyanophyceae marinae. 
DanskBot Arkiv. 4 ": 11-13. f-^^2, 1924. 

Petrak, F., & Sydow, H. Kritisch-systematische ■ Original- 
untersuchungen fiber Pyrenomyzeten, Sphaeropsideen 
uiid Meianconieen. Ann.Myc. 22: 318-386. 15 N 1924. 

Including notes on North American species. 

Pilger R. Plantae Luetzelburgianae brasilienses IV. Notizbl. 
Bot. Gart. Berlin 9 : 39-48. 1)61924. 

Power, F. B., & Chestnut, V. K. Alkaline reaction of the cotton 
plant. Science II. 60 : 405. 31 O 1924. 

Record, S. J. Timbers of tropical America. i-.Kiii, i-610. pLi- 
50. 1924 - 

Reed, G. M. Physiologic races of oat smuts. Am. Jour. Bot. 
11 : 483-492. f.i- 3 - Au 1924. 

Reed, G. M. Varietal susceptibility of wheat to Tilletia hens 
Kuhn. Phytopathology 14: 437-450. “O” 5 N 1924. 

Rehder, A. Enumeration of the ligneous plants of Northern 
' China, II. Lardizabalaceae to Rosaceae. Jour. Arnold 
ArboretumS: 137-224. J 1 1924. 

Robertson, C. Phenology of entomophilous flowers. Ecology 

5 : 393-407- 24 0 1924- 

Rusby, H. H. American tropical plants at home—III. The 
Andean gentians and some of their allies. Jour. N. Y. 
Bot. Garden 25 -285-290. N 1924. 
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Rydbergs P. A. Genera of North American Fabaceae O. 
Tribe Galegeae (continued). Am. Jour. Bot. 11: 470- 
482, 14 An 1924. 

Including Saumllella gen. nov. and S. imniarginata (Wright) Rydb. 
comb. nov. 

Rydberg, P. A. Some senecioid genera—II. Bull. Torrey 
Club 51 : 409-420. 24 O1924. 

Including new species and combinations. 

SampaiOj A. J. de, Bibliographia botanica. Bol. Mus. Nac. 
Rio de Janeiro. 1: 225-245. Mr 1924. 

Setchell, W. A., & Gardner, N. L. Phycological contributions, 
VIL Univ. Calif. Pub. Bot. 13 : 1-13. 27 O 1924. 

Including descriptions of a number of new species. 

Shantz, H* L., & Piemeisel, R. L. Indicator significance of the 
natural vegetation of the southwestern desert region. 
Jour. Agr. Res. 28 : 721-802. pL 1-14. 24 My^ 1924. 

Sinnott, E, W. Age and area and the history^ of species. Am. 
Jour. Bot. 11: 12 N 1924. 

Small, J. K. A new bog-asphodel from the mountains. Torreya 
24:86-87. 28 O 1924. 

Including Abama monia 7 ia sp. nov. 

Southwick, E. B. Nierembergia rividaris. White-cup. Addi- 
sonia 9 : 37. PL307. 15 N 1924. 

Stapf, O, Philodendron teretipes. Curt. Bot. Mag. 449 : pL 
QOJJ. 22 S 1924. . 

Stout, A. B. Iponioea Batatas. Sweet potato. Addisonia 9 : 
35-36. pi 306. 15 N 1924. 

Strong, R. P. The relationship of certain 'Tree-living” and 
saprophytiC'microorganisms to disease. Science II. 61 : 

' '97-107. 30 Ja 1925. 

Sydow, H-, & Petrak, F. . Zweiter Beitrag zur Kenntnis der 
Pilzflora Nordamerikas, insbesondere der nordwestlichen 
. Statten. Ann. Myc. 22: ,387-409. 15 N 1924., 

■ Including new species and genera. 

Taylor, W. A. Park work of the U. S. Bureau of Plant Industry 
Parks & Recreation 8: 217-222. Ja-F 1925. 
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Taylor^ W» R. The chromosome morphology of Veliheimm, 
Allium and Cyrtayiihus. Am. Jour. Bot. 12: 104-115. 

4 Mr 1925. 

TiiomaSj R. C. Effective dust treatments for the control 
smut of oats. Science IT 61 : 47-48. 9 Ja 1925, 

Tidestronij I. New plants from- Nevada. Proc. Biol. Soc. 
Wash. 38: 15. 10 F 1925. 

Cilia nemdensis and Verbena Gaoddingii nepetijolia, described as new. 

Tisdale, W, H., Martin, J. H., Briggs, F. N., Mackie, W. W., 

Woolman, H, M., Stephens, D. E., Gaines, E. F., & Stev¬ 
enson, F, J. Relative resistance of wheat to bunt in 
the Pacific coast states. U. S. Dept. Agr. Bull. 1299:1-29. 
12 Ja 1925. 

Tisdale, W. H., & Tapke, V. F. Infection of barley by Ustilago 
fiuda through seed inoculation. Jour. Agr. Res. 29: 

, 263-284.^^1. j-p. 15 S 1924. 

Townsend, C. O. Curly top investigations. Facts about 
Sugar 20 :t37. 7^1925. 

Tucker, C. M. Coconut bud rot experiments in Porto Rico. 
Science 11. 61: 186-187. 13 F 1925. 

Uphof, J. C, T. The occurrence of purple bacteria as symbionts 
of a lichen. Am. Jour, Bot. 12: 97-103./. i. F 1925. 

Uphof, J. ■ C. T, Purple bacteria as symbionts of a lichen. 
Science IL 61: 67. 16 Ja 1925. 

¥aiiterpooI,' T* C. " The stripe or ■ streak disease of tomatoes in 
Qiiebee. Ann. Rep. Quebec Soc. Prot. PI. 16: 116-123. 
1924., ^ ■ 

[Verdoon, I. C.] ■ Economic plants of South Africa. : Notes from 
."the national herbarium .and ' museum—IV.„ Ximenm 
' americana Linn: the wild plum. .Jour. :Dept. „Agr.; So. 
Africa 10:,44-46, ' Ja 1925.■ / . ' 

Vidal, R. ' B,re.edmg w^ork ■ with- ''henequen' .and ■' sisal. ' Jour, 

' -Hered. 16:'9-12-./. j-j. '‘.Ja’'''20 F,i925. 

.,'Vischerj, ' W. Uber: die Konstanz anatomischer uhd^ physio- 
',1.0-gischer . Eigenschaften von Het^ea brasiliensis Miiller 
,-Arg.' (Euophorbiaceae).,. Verb. Naturf. GeselL Basel 35: 
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Waikets C.j & Lindegren, C. C. Further studies on the re¬ 

lation of onion scale pigmentation to disease resistance. 
Jour. Agr. Res, 29 : 507-514. 15 N 1924. 

Walpole^ A. Flora of Washtenaw County, Michigan i-8o. 
Mr 1924. 

Wakemaiij W. A chemical examination of the root of Leptaemia 
dissecta. Jour. Am. Pharm. Assoc. 14 : 29-32. Ja 1925. 

Weimerj J. L. Alternaria leafspot and brownrot of cauliflower. 
Jour. Agr. Res. 29 : 421-441./. 1-3+pl^ i N 1924. 

WeilSy A. H., & Garciaj F, Chemical and pharmacodynamic in¬ 
vestigation of StrophmitJms letei Merrill. Philipp. Jour. 
Sci. 26 : 9-19. pL i-j, Ja 1925. 

Wester, P, J- The food plants of the Philippines. Philippine 
Dept. Agr. Bull. 39:i-x, 1-236, f, i+pl- 1-67, 1924. 

Westover, H. L. Red clover seed protection in Chile. Seed 
World 17 : 7-8. Ja 1925. (Illust.) 

Westwood, R. W. Nature’s cathedral. Nat. Mag. 5 :'47-50. 
Ja 1925. 

Redwood forests of California. 

Whetzel, H. H. The future of dusting. Trans. Peninsula Hort. 
Soc. 14: 26-33. 1925. 

Williams, R. O. Notes on the plants of Patos. Ke'A' Bull. 
Misc. Inf. 1924: 273-280. pi. 1-4. 28 Au 1924. 

Williams, R. S. Notes on Galapagos and Cocos Island mosses. 

Brv’ologist 27: 65. “Jl” 19 S 1924. 

Wittrock, G. L. Polygomim in the State of Iowa. Proc. Iowa. 
Acad. Sci. 30: 345-349. i Jl 1924. 

Woodworth, C. M., & Cole, L. J. Mottling of soybeans. Jour. 
Hered. 15: 349-354. /. i8~ig. “Au" 25 O 1924. 

Wylie, R. B. Notes on introduced plants. Proc. Iowa Acad. 
Sci. 30: 333-336. I Jl 1924. 

Wylie, R.B. Plants and the surface film of water. Proc. Iowa 
Acad. Sci. 30: 337-343. i Jl 1924. 

Young, R. A. Taros and yauntias; promising new food plants 
for the south. IJ. S. Dept. Agr. Bull. 1247: 1-23./. i-rd 
+ pi. i-ii. 3 N 1924.,;: , 
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The death of " Eugene P. Bicknell, .'at his.honie' at '.'Hewlett,. 
Long. Island^ on February ..9V'I925,., marks the passing, of one'of 
the.most careful observers .among American amateur .botanists, 
Tbroughout his active career, he was engaged primarily .in/bank- 
ing,'yet .from the number and value of ' his contributions'to, 
botanical'literature one might reasonably have inferred .that'he" 
was by profession a scientific worker. 

Eugene, Pintard Bicknell was .born .September 23,''i859/,at 
Riverdale-on-Hudson, then, in 'Westchester County but long 
since swallowed up by the expansion of the City of' New., York. 
Through 'his. father, Joseph Inglis Bicknell, he was descended " 
from Zachary Bicknell, who settled -at'Weymouth,' .Massachii- 
:setts, in 1635, and from Gregory .Dexter, who settled'i..n'.Rhode 
Island in 1643 and was president of Providence and Wanvick in 
1653-54. His paternal grandmother, E-meline'Valeria' .Pin tard' 
Inglis of Philadelphia, .came from the old Pintard family of'' 
Monmouth County,.;'New;, Jersey,, whose progenitor, ■ Anthony 
Pintard .theHugue.iiot settler of .T69i,'W'as a benefactor,'Of th'e.old,■ 
■French' Church ,,of New,,,'-York.Through', his' mother,' Maria'' 
Theresa ' Pierrepont, , he' ''was"., descended 'from Sir Robert de 
Pierrepont,', who fought at-..the battle', of'Hastings in 1066, and 
:' Rev. James 'Pierpont,,'who■ was...m'ore'than.a,n.y other, man-act,ive,l,y 
concerned in the establishment of Yale College. He was also 
rela-ted.'to the'Jay, McVicar, and other well-known old New York 
,,.families, and was a member of various patriotic societies, such 


iThe Bulletin for March ( 52 : was issued 25 April 1925,1 
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as tlie St. Nicholas Society, the Huguenot Society, the Sons of 
the Revolution, and the Society of Colonial W-ars. 

He was a ver\' modest mao, always reticent concerning him¬ 
self, and the writer, although enjoying his acquaintance for more 
than thirty years, is not well informed concerning the details of his 
life-history. He wms not a college graduate, yet it is evident from 
his early scientific papers, published several years before he at¬ 
tained Ills majority, that his education was a thorough one. He 
was long connected with the firm of John Munroe & Company, 
foreign bankers of New York City, and was eventually a partner 
ill that firm as well as the affiliated Munroe & Cie., of Paris. 
After iiian\’ years of bachelorhood, he married Edith Babcock, 
at Riverdale-oii-Hudson, October 9, 1901, and they had two 
daughters, Eleanor Franklin, who, after two years with the 
class of 1926 at Vassar College, gave up her course to be with 
her father but has been transferred to Teachers College, Columbia 
University^ and Edith Evelyn, a freshman at Vassar. His home 
had always been at Riverdale, but soon after his marriage he 
settled in southw'estern Nassau County, where he liv’ed the 
rest of his life. 

But it is with his career as a scientist that we^ are eliiefly 
concerned.' Flis interest in birds and flowers began early, and lie 
was then more ornithologist than botanist. His' first technical 
published paper was on “Evidences of the Carolinian fauna in 
the lower Hudson Valley.” This was published in the Bulletin 
of the Nuttall 'Ornithological Club in 1878, when he was only 
eighteen years old,, and was followed by several others before his 
first contribution'to botanical literature. In the same year, 1878, 
he was one of the group of ten naturalists who organized the 
Liiinaeaii Society of New York, and he was the president of this 
society from 1B79 to 1887., It was during' his presidency that 
this society published its two volumes of Transactions, and in 
the first of,, these appeared one of the most important of his 
'earlier scientific papers, “A review of the summer birds of a part 
,of the Catskil! Mountains, with prefatory remarks on, the faunal 
a,nd floral features of the region.” Mliile this was based chiefly 
,upoii his own observations, he also,,made use, of the notes of 
othe',rs, among these" being his■ brothers Pierrepont' ,,Cionstable 
Bickneil, and',G-eorge Augustus' Bicknell. ' He w,as'one of the 
founders, and a life' fellow, of. the'. American ■ Ornithologists’ 
.Union,.' ,, 
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It was at the meeting of January 13, 1880, that Eugene P. 
Bicknell was elected to membership in the Torrey Botanical 
Club, and in the club’s Bulletin for hlay of that 3"ear appeared 
his first botanical papers. These were the first of fifty-seven, 
contributions from his pen to the pages of the Bulletin of the 
Torrey Botanical Club, the last in 1919, 

Ill 1894, students of the local flora of the vicinity of New 
York were startled by a paper in the Bulletin, which called at- 
tention to the fact that there were two species of HeUanthenimn 
in this region, both well known but always hitherto confused 
with each other. This was followed in c|uick succession during 
the two following years by -others on Sa-niada, SisyriMlmmi^ 
Scropkularia^ and Agrimonia, Local botanists began to rub 
their eyes, and wonder whether they were themselves blind, or 
Bicknell was possessed of abnormalh’ acute vision. His de¬ 
scriptions were so clear that it was easy for anyone else to con¬ 
vince himself , of the accuracy of the .newly-published observa¬ 
tions, and the reputation of E. P. Bicknell was securely estab¬ 
lished as one of the most discriminating of observers. 

His' interest in led him to careful' study of 

material from all parts of the United States, resulting in, a series 
of ten papers devoted to this genus. Later he became particu¬ 
larly interested in the flora of the island of Nantucket, which 
he had visited in 1889 and 1899, and whex'e he^ spent as much of 
his time as he could spa.re from business from 1904 to 1912. This 
resulted'in a■ flora of Nantucket, printed in the Bulletin, of the 
Torrey Botanical .Club in twenty instalments from 1908 to 1919. 
ThiS' flora contains, incidentally, his principal published refer¬ 
ences tohiscarlier collections at York Harbor and Mount Desert, 
Maine. 

Ill 1896, lie became an annual member of 'the newly; organized 
New York Botanical Garden, Lis name■ appearing' in the, first 
printed list; and in the'same .year he was elected, a corresponding 
member of the Philadelphia Botanical Club, organized five years 
earlier. He was'.a member of the corporation of The Ne'W'Yo'rk, 
Botanical Garden from 1910 until his death, and a member'of, 
the board of scientific directors, from Apri'L24, 1913,'to; January.8, 
1923,, when his resignation’on account of ill-health was '.accepted 
by the, Loard of manag,e,rs.. His last contribution to botanical 
literature' seems to have .''been'the'text'accO',mpanying the plate 
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(no. 205) of Eypopitys msignata in Addisonia, in 1921. Althoiigli 
his health had been failing for several years, news of his death 
came as a surprise to his botanical friends. 

The accompanying portrait is from a photograph taken in 
December, 1910. The appended bibliography is believed to 
be nearly or quite complete. Mrs. Bicknell has presented her 
husband’s extensive plant collections and botanical books to 
the New York Botanical Garden. 

Scientific papers of Mr. Bicknell 

A comparison of winter birds. Forest and Stream 6: 133. 6 Ap 1876. 

Early spring on the Hudson. Forest and Stream 6: 148. 13 Ap 1876. 

Field notes at Riverdale. Forest and Stream 6: 233. 18 My 1S76. 

Birds of our surburbs. Forest and Stream 6: 386-387. 20 Jl 1876. 

On the animal and vegetable life as observed at Riverdale. The Country 1: 
334. 30 Mr 187S. 

Evidences of the Carolinian fauna in the lower Hudson Valley. Principally 
from observations taken at Riverdale, N. Y. Bull. Nuttall Ornith. Club 
3 : 128-132. Jl 187S. 

Capture of two rare birds at Riverdale, N. Y. Bull. Nuttall Ornith. Club 4: 
60,'61. Ja 1879. 

The Carolina wren {Thryothorus hidoncianus) breeding in New York, Bull, 
Nuttall Ornith. Club 4 : 183, 184. Jl 1879. 

Remarks on the nidification of Loxia curmrostra americana, with a description 
of its nest and eggs. Bull. Nuttall Ornith. Club S: 7-11. Ja 1880. 

The English sparrow. Yonkers Gazette. 14 F 1880. 

Some of the rarer plants of our northern suburbs. Bull. Torrey Club 7:51- 
54. My 1880. ■ 

Sdix, Bull. Torrey Club 7 : 55, 56. My 1880, 

Dendroeca palniarmi paknarum in New York. Bull. Nuttall Ornith. Club 5 : 
182, Jl 1880. ■ 

[Notes on some variations in ferns. Abstract.] Bull. Torrey Club 8: 60, 
My 1881. 

Stamens within the ovary of Salix. Bull. Torrey Club 8: 76, 77. Jl 1881. 
New New York City stations. Bull. "Torrey Club 8: 130. N 1881. 

A sketch of the home of Hylocickla aliciae bicknelli Ridgeway, with some 
critical remarks on the allies of this new race. Bull. Nuttall Ornith. 
Club 7 : 152-159. Jl 1882. 

A review of the summer birds of a part of the Catskill Mountains, with pre¬ 
fatory remarks on the faunal and floral features of the region. Trans. 
Linn. Soc. N. Y. 1 : 113-168. D 1S82. 

A' study of the singing'of our birds. Auk 1:60-71. Ja 1884. 

A study of the .singing, of our birds. (Continued.) Auk 1: 126-140. Ap 
, 4884. 

Carex pe?msyha 7 iica and Carex varia. Bull. Torrey Club 11': 52, '53, My 
,' ■' 1884. ' 
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A stuck' of the siagingof our birds, ( Continued.) Auk 1 : 209-218. Jl iSS4« 
A study of the singing of our birds- Auk 1; 322-332. O 1884. 

A study of the singing of on r birdss. (Continued.) xAuk 2: 144-154. Ap 
1885. 

Cfeistoganiy in Lmnimri, Bull Xorrey' Club 12 : 51, 52. My 1885. 

A study of the singing of our birds- ((Concluded.) Auk 2: 249-262. Jl 18S5. 
[A specimen of Helmintizophilci kzdcub^michialis in New Jersey.] Auk 2: 378. 
O 1885. 

Notes on the flora of tlie Palisacles *>-of the Hudson, Bull. Torrey Club 16 : 

51-53. 5 F ^889. 

Amaranhis blitoides Watson. Bii 3 l. ITorrey Club 20 : 170. 10 Ap 1893. 

Ranunculus mdcra'ntJyus Nutt. Bull Torrey Club 21: 41, 42. 25 Ja 1894. 
On a species of EeUamlhemimi raot recoognized in our text-books. Bull. Torrey 
Club 21: 257-260. 20 Je 1S94. 

Also as a separate. 

Ilyperictm boreale (Britton) and related species. Bull. Torrey Club 22: 2ii“ 
215. 15 My 1895. 

Aiso as a separate. 

Prothonotary warbler near New Work City. Auk 12: 306, 307. Jl 1895. 
The genus Sanicuk h the easter n United States, with descriptions of two 
new species. Bull Torrey Club 22 : 351-361, 241-245* 31 Au 1895. 

Also as a separate. 

[Ornithological biographies.] In: Ckapman, Frank Michler. Handbook of 
birds of eastern North Aniernca, New -York, 1895. (Purple finch, pp. 
281-282; Fox sparrow, 309-310; ■ Hermit thrush, 400. Repeated, with 
different paging, in subsec^uetit editions.) 

Car ex vulpinoidea Michx. and allied aspecies. ' Bull. Torrey Club 23 : 21-25.' 
30 Ja 1896. , 

Also as a separate: Contr. Heu'b. Columbia Coll. no. 86. 

A neglected Carex, Bull.Torrey Club 23 : 92-95. 29 Mr 1896. 

Also as a separate: Contr. Hert' Columbia Coll. no. 88. 

The blue-eyed grasses of the eastern United States (genus Sisyrmchium). 
/Bull; Torrey Club 23 ; 130-137. pi. 263-265. 30 Ap 1896. 

Also as a separate: Contr. Herb. -Columbia Coll. no. 91. 

On sl new species' of Scrophtda fk ■ hitherto confounded with' S. maryhndica. 
Bull. Torrey Club 23 ; 314—319. 20. Au 1896. 

. Also as,a separate: Contr, Hexrb.'Columbia Coll. no. 100. 

The North'American, species of Ag’Hmoma. Bull.'Torrey Club 23 : 508-523. 
PL282, 283, 28 D 1896. ' 

Also'.as .a separate: in Contr. Dep- Bot. Columbia Univ. no. 'loS. 

Getm ' camd^me fimum lFortQT') Biritton, a-valid species. Bull. Torrey Club' 
, ^ 3 : 523“525* 28 D 1896.- ■ 

Also as a separate; iri' Contr. IDep’. Bot. Columbia Univ. no'. 108. - 
An 'undescribed Zechea from Mai'ne.. Elull. Torrey Club 24 :86-90. 28 F 189,7. 

Also as a separate: Contr. Pep. Bot. Columbia Univ. no.-, 114.' '' 

\A new species of wrild ^ -ginger'hitheirto confounded with Asarum canaimss' L. 

- Bull. Torrey Club 24 ; 528—53:6, pi. 316, 5iT* 

' Also-as a'.separate: Contr. I)epj. Hot.'Columbia Univ.'no.','12 
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Two new species of Sanicula from the southern states. Bull. Torrey Club 24 : 
577-582. 30 D 1897. 

Also as a separate: Contr. Dep. Bot. Columbia Uiiiv. no. 128. 

Two new grasses from Van Cortlandt Park, New York City. Bull. Torrey 
Club 25 : I04-I07. pi. 328, 32^. 12 F 1898. 

Also as a separate; Contr. Dep. Bot. Columbia Univ. no. 135. 

Studies in SisyrinMtim —I: Sixteen new species from the southern states. 
Bull. Torrey Club 26 ; 217-231. 15 My 1899. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 157. 

Studies in Sisyrinchmm —II: Four new species from Michigan. Bull. Torrey 
Club 26 : 297-300. 17 Je 1899. 

Also as a separate: Contr. Deo. Bot. Columbia Univ. no. 158. 

Studies in Sisyrindmim —III: S. angiistifoliiim and some related species new 
and old. Bull. Torrey Club 26 : 335-349. 18 J 1 1899. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 159. 

Studies in SisynncMum —IV: S. aiigustifolimn and related species of the west 
and northwest. Bull. Torrey Chib 26 : 445-457. 17 Au 1S99. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 161. 

Studies in Sisyrinchimn —V: Two new eastern species. Bull. Torrey Club 
26 : 496-499. 22 S 1899. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 163. 

Studies in SisyrmcJmim —VI: Additional new species from the southern states. 
Bull. Torrey Club 26 ; 605-616. 22 D 1899. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 166, 

Studies in Sisyrinchimn —■VII : The species of British America, Bull. Torrey 
Club 27 ; 237-246. 26 My 1900. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no, 170. 

Studies in Sisyrinchmm —ATII; Sisyrinchmm californicum and related species 
of the neglected genus Bydastylus. Bull. Torrey Club 27 : 373“3S7. 
ji1900. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 172. 

The nomenclature of the New England agrimonies. Bull. Torrey Club 28 : 
102-108. 2 Mr 1901. 

Also as a separate: Contr. Dep. .Bot. Columbia Univ. no. 175. 

A new .horse gentian {Triosleum) common in the eastern states. Torreya l: 
25-2S. 25 Mr 1901. 

The, genus Teiicrium in the eastern United States. Bull. Torrey Club 28 : 

■ 166-172. 27 Mr 1901. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 178. 

On Scirpus rohustus Pursh and certain of its near allies. Torreya 194-96. 

. 23 Au 1901. 

Two ne'w bush clovers (Lespedeza), Torreya 1; 102-105. 28 S 1901. 

Also as a separate. 

Still further notes on the agrimonies. Bull. Torrey Club 28 : ,514-518. 
30 S 1901. 

Also as a separate: Contr. Dep.. Bot, Columbia Univ., no. 186. 

Studies in Sisyrinclm{m~-^ 1 X.: The species of Texas and the'southwest. .Bull. 

, Torrey Club 28 : 570-592. 26 '0 1901. ■ ■ 

Also as a'separate: Contr. Dep. Bot. Columbia Univ. no,'1,87. 
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Studies in SisyrrnclH'Hrti —X. The species of California. Bull Torrey Club 
31:379-391. 29 Ji 1904. 

Also as a separate: Contr. Dep. Bot. Columbia Univ. no. 209. 

Jnncus arhfulaiits in Xew England. Rhodora 6: 174, 175. 6 An 1904. 

Three new violets from Long Island. Torreya 4: 129-132. 30 S 1904. 
Burgess’s Species and variations of Biotian asters. [Review.] Torreya 6 : 
90-94. 23 My 1906. 

The white cedar in western Long Island. Torre^ca 8:27, 28. 26 F 190S. 

The ferns and flowering plants of Nantucket—I. Bull. Torrey Club 35 : 
49-62. 9 Air 1908. 

Also as a separate. 

The ferns and flowering plants of Nantucket — IL Bull. Torrey Club 35 : 
i8i~20I. 29 Ap 190S. 

Also as a separate. 

The ferns and flovvering plants of Nantucket—III. Bull. Torrey Club 35: 
471-498. 3 N 190S. 

Also as a separate. 

The ferns and flowering plants of Nantucket.—IV. Bull. Torrey Club 36; 
1-29. 29 Ja 1909. 

Also as a separate. 

The ferns and flowering plants of Nantucket—V. Bull. Torrey Club 36: 
441-456. 3 S 1909. 

AlsO' as a separate. 

The ferns and flowering plants of Nantucket—YL Bull. Torrey Club 37; 
51-72. 5 Mr 1910. 

Also as a separate. 

Have we enough New England blackberries? Bull. Torrey Club 37:393"403. 
8 S 1910. 

The ferns and flowering plants of Nantucket—VII. Bull. Torrey Club 38: 
I03-I33- yApipii. 

Also, as a separate. 

The ferns and flowering plants of Nantucket—VIII. ■ Bull Torrey Club 38: 

, 447-460. 4 K, ipiu 
Also^ as a separate. 

The ferns and flowering plants-of Nantucket—IX. Bull. Torrey Club 39: 
". 69-80. 9 Mr 1912. ' , ' 

Also as a separate. 

The ferns and flowering plants of Nantucket—X. Bull Torrey ■ Club 39; 

' 415-428. 9 S 1912. 

Also as a separate. 

Viola obliqua Hil! and other violets. Bull. Torrey Club .40.: 261-270. ,i8 'Je 

' ^913- 

Also. as a separate. ' 

The' heather, Calluna imlgaris, on Martha’s Vineyard, Rhodora IS:'' 189-19.2. 
17 N 1913.,, 

The' ferns and flowwing, plants of Nantucket—XL. ' Biil'I. Torrey Club '"40: 
. '605-624. 24 N 1913.: 

'. Also as ,a separate. ' 
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The ferns and flowering plants of Nantucket—XII. Bull. Torrey Club 41 : 

71. 87, 23 Mr 1914. 

Also as a separate. 

Viola emarginata in Massachusetts. Khodora 16 : 76, 77. -27 Ap 1914. 

Some grasses noteworthy in Massachusetts, Khodora 16 : 81.'83. ii My 

, I9H. 

The ferns and flowering plants of Nantucket—XIIT. Bull. Torrey Club 41 : 
411-427. 25 Au 1914. 

Also as a separate. 

The ferns and flowering plants of Nantucket—XIV. Bull Torrey Club 42 : 

27-“47. 29 Ja 1915- 

Also as a separate. 

The ferns and flowering plants of Nantucket—XV. Bull. Torrey Club 42 : 
331- 349. 16 Je 1915. 

Also as a separate. 

The ferns and flowering plants of Nantucket—XVI. Bull. Torrey Club 42 : 
549-570. 1:3 N 1915. 

Also as a separate. 

The ferns and flowering plants of Nantucket—XVIL Bull, Torrey Club 43: 
265-276. 16 Je 1916. 

Also as a separate. 

Pimis Banksiana on Nantucket. Rhodora 18 : 241, 242. x D 19x6. 

The Acadian chickadee on Long Island. Auk 34 : 91, 92. 2 ja 1:917, 
Baccharh halimifolia. Addisonia 2: 29, 30. pi-55. 30 Je 1917. 

The ferns and flowering plants of Nantucket—^XVIIL Bull. Torrey Club 44 : 
369-387. 10 Au 1917. 

Also as a separate. 

Late southward migration of the Cape May warbler on Long Island. Auk 34 : 
483, 484. 10 0 X917. 

Aster cordifolius. Addisonia 2: 79, 80. pL 80, 31 D 1917. 

The ferns and flowering plants of Nantucket—XIX. Bull. Torrey Club 4S: 
365-383* 20 S 1918. 

Also as a separate. 

Aster'laevis. Addisonia 3 : 47, 48. pi, 104, 30 S 1918. 

Ilex verticiUata, Addisonia 3 : 71, 72. pL xi 6 . 31 D 1918. 

The short-eared owl breeding on Nantucket. Auk 36 ; 284, 285. 8 Ap' 1919* 
The'ferns and flowering plants of Nantucket—XX. ■ Bull .Torrey'Club, 461 
423-440. 8 D X919. ■ 

Also as a separate. 

Hypopitys insignata- Addisonia 6: 25, 26. pi. 205. 15 S 1921. 

The status of the black gyrfalcon as a Long Island bird. Auk 41 : 64-68. 

, ,10 Ja 1924^, 



Botrychium lanuginosum and its relation to the problem of the 

fertile spike 

M. A. Chrysler 

(with plate 4) 

In an earlier paper ( 3 ) the writer discussed the morphological 
nature of the fertile spike in the Ophioglossaceae, and reached the 
conclusion that the evidence at hand supported one of the sug¬ 
gestions of Roeper (6) to the effect that the fertile spike repre¬ 
sents two fused pinnae, namely the basal ones of the leaf, the 
rest of the pinnae being sterile. The evidence advanced by the 
writer to support this view indicated that the vascular supply 
of the fertile spike of Botrychium arises precisely like that of any 
pair of the sterile leaflets. Additional evidence was furnished 
by certain abnormal specimens of B, ohliqimm- Muhl. which 
showed two or more fertile spikes; the vascular supply of the 
spikes in these specimens was found to be in accord with the 
theory of Roeper. 

The writer’s excuse for reopening the discussion at this time 
is the “discovery ” of a number of herbarium sheets of a species of 
Botrychitim which appears to have been overlooked but which 
offers very definite evidence on the question of the nature of 
the fertile spike in the genus under consideration. This species 
is B, lamiginostm Wdill, (at one time not separated from B. vir- 
ginian'um), a plant occurring in southeastern Asia, generally at 
high altitudes. Although the species takes its name from the 
“lanugo” or long silky hairs which scantily cover the leaves, the 
most striking feature is the position of the sporogenous portion. 
While this plant is undoubtedly ^. Botrychium most specimens do 
not show w’-hat could properly be called a fertile spike, but 
present the appearance of having the second, third or higher 
leaflet function as the fertile or sporogenous organ. Twenty- 
four specimens have been examined, through the kindness of the 
curators of the Gray Herbarium, Missouri Botanical Garden, 
New York Botanical Garden, and United States National Her¬ 
barium, and in these specimens the fertile part occupies the 
position of the second, third, fourth, fifth, or sixth leaflet, with a 
decided preponderance in the class of the third leaflet. Fig. i, 
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from a specimen kindly loaned by the Curator of the Herbarium 
of the Missouri Botanical Garden, clearly shows the fertile part 
occupying the position of the third leaflet. Although in this 
specimen the leaflets are disposed alternately, cases are not lack¬ 
ing where most of the leaflets are opposite, as is shown in Fig. 2, 
a photograph of sheet 776,951 of the National Herbarium. This 
interesting specimen has leaflets i and 2 opposite, 3 and 4 op¬ 
posite, then the fertile spike which here appears to represent two 
fused leaflets, followed by sterile leaflets arranged in pairs for 
the most part. 

Through the marked kindness of the Curator of the Gray 
Herbarium, a specimen closely resembling the one just described 
has been available for microscopic study. The critical region of 
the leaf has been swelled out by means of hot dilute ammonia, 
imbedded in paraffin and made into serial sections. From these 
it is perfectly clear (i) that the fertile spike has a double vascular 
supply, in contrast to the single vascular supply of the sterile 
leaflets, and (2) that each half of the vascular supply of the 
fertile spike is attached to the leaf trace of the rachis exactly as 
is the single trace from each sterile pinna, and precisely as has 
been described by the writer for B. virginianum ( 3 , p. 3), that 
is, each pinna trace joins the C-shaped trace of the rachis near 
one edge of the latter, subtending a narrow pinna-gap. This 
condition has been showm {l.c,) to correspond to what may be 
seen in the leaves of such primitive ferns as Osmunda and Todea, 
It is safe to conclude that the fertile spike of the specimen repre¬ 
sented in Fig. 2 consists likewise of two fused pinnae. Although 
no material of plants like Fig. i has been available for section¬ 
ing, it may be confidently predicted that the fertile spike of such 
cases will show a single trace attached to the trace of the rachis 
in the same manner as is the trace of a sterile pinna. 

It is obvious that B. lanuginostmt is a very variable species. 
According to Bitter (1, p. 471) it is perhaps second,only to B. 
Lunaria in this respect, showing variability not only in size,,in 
position of the fertile spike and in arrangement of the pinnae, but 
also in the not infrequent occurrence of a second smaller fertile 
spike farther up on the leaf than the first spike. This feature is 
not represented in the specimens to which I have had access, but 
is,realized in ,a specimen oi B, ramosum {Roth.) Aschers.,, re¬ 
presented in Fig.' 3, collected at Fairlee,'Vermont, by ,Dr. H. M'„ 



1925] 


CHRYSLER: BOTRYCHIUM LANUGINOSUM 


129 


Deiislow and deposited in the Herbarium of the Brooklyn 
Botanic Garden, the Director of which institution has kindly 
furnished the photograph. This specimen not only shows an 
extra pair of fertile spikes, but displays a forking of the large 
fertile spike w^hich reminds one of the cases already described by 
the author ( 3 ) in which the fertile spike of B. obugutim is either 
forked or else divided all the way to the base. Reference may 
also be made to figure 25 of the author’s earlier paper ( 3 ), showing 
one of the pinnae of B. ohliquum developed as a fertile organ, a 
condition which has been observed in several species and is 
figured for B. Lunaria by Goebel ( 5 ). Another variable feature 
of B. lanuginosum mentioned by Bitter {Lc.) is the not infrequent 
occurrence of a few sporangia on the edges of sterile leaflets, a 
condition also observed by Goebel ( 3 ) in B. Lunaria. 

The genus Aneimia has already been referred to as a case 
where the two basal pinnae of each leaf are specialized as the 
spore-bearing part and turn sharply upward (see fig. 2j of 3 ). 
It is interesting to note that in this genus there are species where 
a single fertile spike or leaflet takes the place of the usual pair. 
The herbarium of the New York Botanical Garden contains six 
specimens of a plant labelled Ornithopteris sp. nov.?, Santa 
Marta, U. S. of Colombia, col. Herbert H. Smith 1898-9.” In 
each of these specimens a single fertile spike arises at the base 
of the green region of the leaf, apparently in the adaxial position, 
after the manner of a typical Botrychimn. The same condition 
is shown by Aneimia Wfigktii Baker, a rare little fern collected 
by the indefatigable Wright in eastern Cuba In 1859-60. 
Whether the fertile spike in these cases represents a single pinna 
or a fusion of two basal pinnae is not possible to make out from 
the herbarium sheets, but the general resemblance to what 
seems to have happened in Bcirychium is exceedingly suggestive. 

In attempting to fit the Botrychlums into their place it may 
be well to recall that, beginning with the generalized type of 
fern leaf in which each leaf bears spores on all of its branches, 
localization of the area of spore-production in fern leaves has 
proceeded in two ways: 

(i) The leaves of the current season show a greater or less dif¬ 
ferentiation into vegetative and reproductive organs. This 
method of effecting division of labor, the so-called heterophylly, 
shows many gradations and is widespread. Familiar examples 
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are LminseHa areolata (L.) Underw. W^oadwanliii 

Sm.) , Siruth/iopteris gernianica Willci, and Osrnumla cinna- 

m anted L* 

( 2 ) The differentiation appears in individual leaves— 

(a) Only the tip region is fertile, e. g., Polystichum aero- 
stichoides (Michx.) Scott, Osmtinda regalis L. 

{h) Only the median region is fertile, e.g., Osmtinda Claytoni- 
ana L., Bolrychium lanuginos'im Wall. 

{c) Only the basal region is fertile, e.g., Aneiniia spp. In 
this genus the fertile pinnae are raised into a favorable position. 
Most species of BotrycJiium appear to belong in this class, and 
show the specialization carried to a high degree by fusion of the 
two basal pinnae as well as by being raised into an erect jxisition. 

That the genus Botrychium is a highly specialized one is in¬ 
dicated by certain features which have been reported for B. z'/r- 
giniammi: a well marked cambium in the stem, the symbiotic 
subterranean gametophyte, the production of only one (or two) 
leaves per season, with the primordia of others early laid dowui. 
At the same time there is foundation for the view' that the family 
has branched off from the main fern stock at a comparatively 
lotv level; this appears to be the mature judgment of Bower 
(2, p, 294) w^ho suggests Osmundaceae and Botryopterideae as 
the probable nearest relatives. 

On account of the generalized and plastic nature of Botry- 
chmm lanuginostini, as brought out in the foregoing account, it 
may be suggested that in this species we see more nearly than 
in the other species what the ancestral Botrychium looked like, 
namely, a fern in wdiose leaf spore production was restricted to 
one or two pinnae occupying no special region of the leaf ( fig . i). 
Individuals occurred in which the leaflets were opposite rather 
than alternate; two opposite fertile leaflets became fiLsed ( fig . 2 ), 
Finally the location of the fertile leaflets became fixed at the 
level of the basal pair (seen in the closely related B, idrginmnuni), 
The uncovering of B. lanuginosum provides exactly the sort 
of evidence which was lacking at the time of the waiter’s earlier 
studies on Ophiogiossaceae; this species almost constitutes, a 
living fossil Botrychium., much as the megasporophyll of 
remluta has been styled a living fossil cycad. There now appears 
to be no reasonable doubt that the fertile spike of the common 
species of BotrycJmm represents a fused pair of pinnae, namely 
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the basal pair. Such a view of course precludes the possibility 
of a strobilar origin of the aerial organ of Ophioglossaceae. In 
fact the opinion may be ventured that if Bower had been ac¬ 
quainted with B. lamiginosum he would scarcely have advanced 
the theory of a strobilar origin for the group, a view which he 
has relinquished (2) upon the basis of evidence derived from all 
aspects of the question. Moreover, upon the basis of the ac¬ 
cumulated evidence, there would seem to be no more reason for 
retaining the order Opliioglossales than for framing an order for 
the Osmundaceae; in other words, the family Ophioglossaceae 
should be placed in Fiiicales rather than in a separate order. 
Rutgers University, 

New Brunswick, New Jersey 
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Description of plate 4 

Fig. I. Botrychium lanuginosum Wall., from sheet 110. 1602 of the 
Missouri Botanical Garden (reduced). 

Fig. 2. Botrychium (species not assigned, but probably B. lanuginosum) 
from sheet no. 776,951 of the U. S. National Herbarium. 

Fig. 3. Botrychium ramosum (Roth) Aschers., abnormal specimen in 
the herbarium of the Brooklyn Botanic Garden. 
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Contributions to the flora of Long Island, New York 
Third paper* 

William C. Ferguson 

The plants listed below represent species that, in the writer’s 
experience, are from uncommon to, in some instances, very rare, 
and were all collected during the season of 1924 wdiile on solitary 
rambles, with the followdng exceptions: Poa bidbosa was found 
by Mr. Hal Fullerton of Medford, L. L; Carex leuconim, by the 
late Mr. Eugene P. Bicknell; Triosteum aurantiacum^ by Mrs. 
Asa Wells of Riverhead, L. L; Rynchospora cymosa and Aster 
panicidatuSj while with Mr. Norman Taylor of the Brooklyn 
Botanic Garden, 

With the exception of Fimbristylis pubertda, Juncus brachy^^ 
carpus, Drymacallis agrimonioides, Hottonia inflata, Bartonia 
panicidata, Menyanthes trifoliata, and Aster aciminatus, as to 
the identity of which the writer felt certain, all names were con¬ 
firmed or corrected by the following authorities: 

Grasses by Mrs. Agnes Chase. 

Sedges, except Carex, by Dr. N. L. Britton. 

Carexcept the Montanae group, by Mr. Kenneth K. 
Mackenzie. 

Carex, Montanae group, by Mr. Eugene P. Bicknell. 
by Professor T. G. Yuncker. 
by Professor Edward S. Burgess. 

All others by Dr. J. K. Small, Dr. F. W. Pennell, Professor 
M. L. Fernald, and Mr. C. A. Weatherby, whose names appear 
in the text, and to all of whom I wish here to express grateful 
acknowledgement.',,, ■' 

Poa bulbosa L. Riverhead: waste ground. Introduced from Europe. 
Chaetochloa geniculata (Lam..) Millspaugh Chase,, Field'Mus, Publ, 

' Bot. ' 3 :' 37/ ,1903, ^Millneck; ■.Merrick,;''.'Montauk:, salt mai'shes and 
'■' bordering, meadows. , (This' is C. iw&erfeii of Britton’s'Manual.) ' ' 
ScLERlA ,triglomerata Mickx.'^' , Central'Islip: pine,barren'Swamps. 
Fim'b'bistylis puberula (Mieh'X.) ■Vahl.',,, ' Hempstead: damp .meadow. 
Rynchospora CYMOSA Montauk,:''SWa,rapy"',meadowL ' The''writer can 
' ''' h'nd no''''''previous'.record for-Long- Island. 

*The previous papers of this series appeared in Torreya 22: 43" 49- 
1922, and in Bull, Torrey Club 51 : 177-201. 1924. 
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SciRPUS NANUS Spreng. Massapequa: soft mud in salt marsh. Montauk: 

soft mud shore of Oyster Pond, brackish. 

SciR'PUS FLANiFOLiiJS Muhl. Wyandanch; Kings Park; Kew Gardens; Deer 
Park; Port Washington: all localities in dry or rich hilly woods. 

? SciRPus PALUDOsus A. Nelsoii. 

The writer cannot separate these small plants with dense, compact inlior- 
escence and growing singly or but few together, from the larger Scirpus robusU 
us which grows in dense masses with stout rootstocks. Measurement of the 
achenes and of the awns on the scales shows no material difference between 
the two, and Dr. N. L. Britton, to whom the writer has shown the smaller 
plants, has named them all S. rohustus. The writer is inclined to believe 
that these smaller plants are seedlings or, at least, much younger plants than 
the larger typical specimens of Scirpus rohustus. If this could be demon¬ 
strated, these smaller plants would not even be entitled to varietal rank. 
These smaller plants are from one to two feet tall. The writer has seen 
large colonies of 5 . rohustus six feet tall or more. It takes time for root¬ 
stocks to grow to the size represented in these colonies. It is to be hoped that 
other botanists will study this subject in the field. 

Carex abdita Bicknell, Bull. Torrey Club 35 : 491-2. 1908. Wyandanch; 

Kings Park; Richmond Hill; Kew Gardens: all in rich or dry hilly woods. 
Merrick: thicket edge, salt marsh. 

Carex rosea Schk. Woodside: very swampy rich woods. 

Carex Mitchelliana M. A. Curtis. (See C. A. Weatherby, Rhodora 25 : 
17. 1923.) East Moriches: open bog. Montauk: bog near Oyster Pond, 
Millneck: boggy woods. 

Carex striatula Michx. Queens: rich hilly woods. 

Carex mesochorea Mackenzie, Bull. Torrey Club 37 : 246. 1910. (C. 

niediierranea Mackenzie, Bull. Torrey Club 33 : 441. 1906.) Garden 

City: grassy village roadside, introduced from further south, 

Carextribuloides sangamonensis Clokey, Rhodora 21: 84. 1919. Queens: 
swamp in hilly rich woods. 

Carex LEUCORUM Willd. Enum. PL Berol. SuppL 63. 1809. (Name only.) 

Enum. PL BeroL (ed. 2) 2: 380. 1822. The earliest application of a 

varietal name to the plant is Carex pennsylvanica distans Peck, Rept. 
N. Y. State Mus. 46 : 131, 1893. 

Valley Stream: border of dry sandy level woods. 

Carex rugosperma Mackenzie, Bull. Torrey Chib 42 : 621. 1915. Kew 

Gardens: hilly rich woods, 

Carex laxiculmis Schwein. X C. abscondita Mackenzie. Millneck: 
swampy hilly woods. 

Carex varia Muhl. X C. umbellata Schk. Kings Park: dry hilly oak 
woods. 

Carex abscondita Mackenzie, Bull. Torrey Club 37 : 244, 1910. { C . pty ^ 

chocarpa of the manuals.) Last year the writer had observed that the 
swollen distorted perigynia, so characteristic of this species here on 
Long Island, contained achenes that were oblong, longer and narrower 
than are the normal achenes, and that these abnormal ones were all 
split and empty. This season in further investigation of'the cause he 
found a live grub that about completely filled the achene, 
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JUNCUS BRACHYCARPUS Engelm. Freeport: open bog. The writer can find 
no previous record for Long Island. 

Ibidium vernale (Engelm. & Gray) House. Merrick: elevation on salt 
marsh. Determination by Dr. H. M. Denslow, 

Salix viminalis L. Merrick: border of swamp and old clearing. Native of 
Europe. 

Polygonum prolificum (Small) Robinson. Merrick; Massapequa; Amity- 
ville; Oyster Bay: all in salt marshes. 

Polygonum atlanticum (Robinson) Bicknell. 

The w^riter has found a plant with achenes as in P. atlanUctmi and also 
exserted achenes of various lengths and believes P. exsertum Small to be 
a viviparous condition of P. atlanticum. Witmer Stone and Eugene P. 
Bicknell have published similar opinions.* 

Sagina apetala Ard, Wading River: shady village roadside. 

Sagina decumbens (Ell.) T. & G. Garden City: shady village roadside. 

Sagina procumbens L. Montauk: brackish wet shore of Oyster Pond. 
Plants densely tufted. Determinations of Sagina by J-. K. Small. 

Arabis lyrata L. Oyster Bay: damp open hillsides. 

Cardamine hirsuta L. Roslyn: damp open hillside. 

Drymocallis agrimonioides (Pursh) Rydb. Meadowbrook; dry gravelly 
bank, 

Erodium cicutarium (L.) L’Her. Babylon: grassy field; adventive from 
Europe. 

Geranium molle L. Setauket: waste field; adventive from Europe. 

ViTis BICOLOR LeConte, Riverhead: roadside thicket. 

Hottonia inflata Ell. Riverhead: small pond on Sound Avenue. Mr. E, S. 
Miller directed the writer to this locality where he had collected it fifty 
years ago, Mr. E. P. Bicknell has written the writer that it grows at 
Hewlett, Long Island. 

Bartonia paniculata (Michx.) Robinson. North of Good Ground, in 
sphagnum in coast cedar swamp, 

Menyanthes trifoliata L. Water Mill: open swamp. Mr, F. S. Benedict 
directed the writer to this locality and plant. 

CuscUT^ CoRYLi Englm, Middle Island: pine barren swamp. 

CuscuTA comfacta Juss. Millneck; Massapequa: thicket edge of swampy 
woods. Queens: rich hilly woods. Merrick: swampy low woods. 
Southold: open swampy meadow. 

CuscuTA Gronovii LATIFOLIA Engelm. Southold: open swamp. 

CuscUTA Gronovii vulgivaga Engelm. Millneck: swampy thicket, Mas¬ 
sapequa: swamp woods. Merrick: salt marsh. Hempstead: garden. 

Scutellaria integrifolia L. Massapequa: damp meadow near salt marsh. 
Wyandanch: dry hilly woods. 

Solanum villosum (L.) Mill. Montauk; sandy shore of brackish Oyster 
Pond. Point 0 Woods: ocean sand dunes. 


; Witmer Stone. Plants of "southern' New Jersey.' 'Rep. N. J. " State' 
Mus. 1910 : 425, Eugene P. Bicknell. Flora of Nantucket. Bull. Torrey 
■Club,, 36 : 450. ' 1909.' ; 
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Gratiola a urea forma leucantlia Bartlett, Rhodora 9 : 123. 1907. (Flowers 

white). Sweezytown: shore of small poiul. Determined by F. W. Pen¬ 
nell who had no record from our area when he revised Scrophnlariacme, 
and who had never seen it growing-. Oljvioiisly very rare. 

Triosteum aurantiacum Bickncll. Sound Avenue, Riverhead: danif) thicket, 
Lactuca florid ana (L.) Gaertn. Port Washingt:on: rich, hilly woods, 
Hieracium vulgatum Fries. Oakdale: roadside and fields. 

Eupatoriitm album L. Middle Island; border of pine barren swamp. 
Solidago hispida Miihl. Montauk: hither woods. One colony on dry hilly 
oak woods growing with Sclidago bicolor* Comparatively few plants and 
averaging lower and slenderer than associated S, bicolor. The writer 
can find no previous record for Long Island. 

Solidago rugosa sphagnophila Graves. 

Solidago ulmifolia Mulil. 

In hilly rich woods at Queens the writer found plants that he could not 
satisfactorily place with either glabrate forms of S. rugosa, or with S. 
ulmifolia, and sent them to Professor M. L. Fernald, who with Mr. C. A. 
Weatherby at the Gray Herbarium, determined them as probably hybrids 
or intermediate forms of Solidago ulmifolia Muhl. and Solidago rugosa 
sphagnophila Graves. 

Aster acuminatus Miclix. Montauk: hilly rich woods. 

Aster ianthinus Burgess. In Gray’s Manual, 7th ed. (p. 805), this species, 
with the tw^o following included as synonyms, is made a variety of Aster 
macrophyllus L. Plattsdale: hilly rich woods. Massapequa: dry level 
oak woods. 

Aster MULTIFORMIS Burgess. Plattsdale: hilly rich woods. 

Aster violaris Burgess. Hempstead Reservoir: bank oak woods. 

Aster MACROPHYLLUS L. Millneck: hilly rich woods. 

Aster Schreberi Nees. Plattsdale: hilly rich woods. 

Aster SAGiTTiFOLius Willd. Douglaston: hilly rich w^oods. 

Aster sagittifolius dissitiflorus Burgess. Douglaston: hilly woods. 

The writer can find no previous record of /I. sagiUifolius for Long Island, 
Aster tardiflorus L. (^ 4 . patulus Lam). Millneck: hilly rich woods; single 
plant. Dr, Burgess is inclined to believe from field experience that this 
.di'fer is a hybrid. 

Intermediate forms between A. paniculatus and A. salicifoUiis, /I. pameu- 
lotus and A, Tradescanii, A. salicifolius and A. TradescanU, A. tradescauti and 
A. vimmeiis,A. Tradescanti and A. lateriflorus, A. kiterifl^orus and A. vimineus, 
are not uncommon on Long Island. • The writer this season has found all of 
these forms. His determinations have been verified or corrected l:)y Dr. E. S. 
Burgess. 



Chomelia^ Jacquin and Anisomerls, Presl 
H. H. Rusby 
(with two text-figures) 

The genus Chomelia of the Rubiaceae was founded by Jacquin 
on C. spinosa (Select. Stirp. Amer. Hist. iS. pL ij. 1763). The 
genus Anisomeris was founded by Presl on A. spinosa (Symb. 
Bot. 2: 5. pi. 54. 1833). Subsequent authors, assuming er¬ 

roneously that the two genera were identical, have concerned 
themselves with the question as to which name is correct. The 
name Chomelia had been used by Linnd in 1737, ^ different 

connection, hence some authors hold that Jacquin’s name is un¬ 
tenable, and Otto Kuntze (Rev. Gen. PL 1: 277. 1891) proposed 
Camelina to replace it, rejecting Anisomeris^ apparently because 
there was an Anisomera. Under rules now generally accepted, 
both of these objections fail, since Linne abandoned his name 
Chomelia in 1753, and no other author appears to have 
used it between that date and the time of its proposal by Jacquin. 
This leaves Jacquin’s name to stand for all species having the 
generic characters pertaining to C. spinosa. Both of the essen¬ 
tial characters of this genus are perfectly displayed in Jacquin’s 
picture, though scarcely referred to in his description. They are 

(1) the possession of dorsal horns or awns by the corolla-lobes; 

(2) a characteristically sagittate anther. In all the species of 
which I have been able to examine specimens or figures, these 
two characters are associated, or both ai-*e wanting. The study 
of descriptions is of little avail, as nearly all authors have either 
overlooked or ignored these characters, which are not referred 
to in their descriptions. The present article, therefore, can 
enumerate only the few species whose characters I have thus 
been, able to establish. 

There is not the slightest difficulty in determinating the af¬ 
finity of any Species if a well-developed bud can be seen, as the 
four corolla-lobes of Chomelia are concave, usually with their 
tips inflexed, and bear vertical, mostly hollow awns or horns, 
which stand free and separ*ate, as a sort of crown to the bud. 
Some authors have described these lobes as “acuminated’ but 
they are not really so. In fact, I have seen no member of either 
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genus that lias acuminate corolla-lobes. It is the doisal horns 
which have been mistaken for terminal aciiminations. The 
slightest manifestations of these horns that I have seen is in 
C. Pohliana Miiell.-Arg., figured in M-artiiis' Flora of Brazil. 
In this species, tliey are mere hollow conical protuberances 
at the end of the bud. In the next succeeding plate (C. nbe- 
sioides MuelL-Arg.) there is no trace of such appendages, and it 
seems strange that this character should have been overlooked 
at that time. It appears still more strange that it should have 
been overlooked in Jacquin’s figure, which shows almost the 
extreme degree of development of these awns. 

In one or two species, the tip of the corolla-lobe is almost ob¬ 
solete, so that the appendage is almost continuous wdth the end 
of the lobe. 

The difference In the anthers is quite as. striking. Jacquin’s 
figure shows strongly sagittate anthers, with the basal lobes 
acuminate. In some species this acumination is extreme, reach¬ 
ing the state of attenuation. Presl’s figure of Anisow^ris does 
not show the anthers, but I have examined enough species to 
show that, with naked corolla-lobes, there is always an anther 
with the thecae parallel and contiguous to their cshort, obtuse 
bases. 

The species of the two genera, so far as I have been able to 
determine them, are as follows: 


Chomelia Jacqin 

1. C. SPINOSA Jacq. Select. Stirp. Anier. Hist. i8. pi. ij. 1763, 

2. C. Pohliana Muelb-Arg. Flora- 58 : 452. 1875. (And- 

someris Pohliana Chodat & Hassl. Bull. Herb. Boiss. IL 4: 175. 

1904.) 

3. C. Purpusii (Brandegee) n. comb. (Anisomens Purpusii 

Brandegee, Univ. Calif. Publ. Bot. 6: 70. 1914.) 

Gleason’s no. 2gp, from “dense upland forest, Tumatumari, 
British Guiana,” is said by N. E. Browne to be “near C. tenui- 
flora Benth.,” to which species Standley refers it. Gleason’s 
plant is a Chomelia, with the corolla-appendages stout, brown 
and indurated and with the basal lobes of the anthers rather 
short, the anthers projecting beyond the mouth of the corolla. 

The folio-wing species appear not to have been published: 
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4. Chomelia iongicaudata n. sp. (C. brachyloba Standley^ 
Contr. U. S. Nat, Herb. 18 : 136, in part. 1916.) Pilose with 
mostly appressed gray hairs. Branchlets short, slender, crowd¬ 
ed, leafy. Stipules 3 to 5 mm. long, setaceous, acute. Petioles 
5 to 7 mm, long. Blades 3 to 7 cm. long, 2 to 3 cm. broad, oval 
and somewhat rhomboidal, abruptly contracted at both ends, 
especially at the base, acute, entire, thin, drying brownish, the 
upper surface sparsely strigose, the lower densely so, with mid¬ 
rib and secondaries sharply prominent, the secondaries 8 or 10 
on a side, strongly falcate-ascending. Peduncles axillary, mostly 
solitary, slender, about 2 cm. long, slightly thickened toward the 
summit, where the sessile flowers are crowded in a cyme that is 



Fig. I. (X 2) 
C. Iongicaudata. 




Fig. 2. (X 2) 
C. brevicornu. 


usually shortly bifid. Bud densely white-strigose, the horns con¬ 
spicuous. Calyx-tube infundibular, about 2 mm. long, the limb 
campanulate, short, purplish, the teeth thick and rigid, some¬ 
what spreading, acute, unequal, the longest 1.25 mm. long. 
Corolla tube 12 to 15 mm. long, very slender, slightly broadened 
toward the summit. Lobes widely spreading, oval, 3 or 4 mm. 
long, exclusive of the horn, which is sometimes a third as long, 
slender. Anthers attached at the summit of the tube, extending 
beyond the base of the lobes, sessile, sagittate, the lobes acu¬ 
minate, about as long as the body. Style exserted, the lobes 
oblong, nearly I mm. long. Fig. i. 

Standley's C, brachyloba is based on Pittier's Central American 
specimen, which is an Anisomeris^ and is transferred to this genus 
below, this leaving Smith's CAomeZm without a name, unless we 
were to hold that the specific name brachyloba must apply to both 
species, in the different genera. This seems untenable, and 
tending to confusion. Smith's no. therefore, collected near 
Santa Marta, Colombia, i898~i899, and deposited in the her- 
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barium ot the New York Botanical Garden, is made the type of 
C. longicaudata, 

5. Chomelia brevicomn 11. sp. Coarsel}-^ short-pilose^ witli 
gray hairs. Braiichlets elongated, rather slender, gray, terete. 
Spines axillary or slightly supra-cixillary, stout, pungent, gray, 
I to 2 cm. long. Stipules 8 to 10 mm. long, broadly triangular, 
acuminate and acute, pilose. Petioles i to 2 cm. long, broad. 
Blades to 8 or 9 cm. long and 4 cm. broad, very unequa!, ovate, 
abruptly acuminate and acute at both ends, entire, drying brown, 
nearly glabrous above, except on the prindxxil veins, which are 
lightly ferruginous-hairy and lightly impressed, more hairy 
beneath, where the midrib and secondaries are strong and promi¬ 
nent, the latter about 8 or 10 on each side, strongly ascending and 
lightly curved, the venation very finely and lightly anastomosing. 
Cymes long-pediincled, densely flowered at the summit, the 
flowers sessile. Bractlets about equalling the calyx, thick and 
rigid, obtuse. Calyx-tube cylindrical, 1.5 mm. long, i mm. 
thick, a little shorter than the limb, which is deeply divided, the 
4 teeth thick and rigid, somewdiat recurved, obtusish. Corolla 
nearly 2 cm. long, the teeth 4 or 5 mm. long, oblong, obtuse, the 
dorsal awn short, stout and rigid, dark colored. Anthers 
linear, nearly 3 mm. long, extending to the base of the corolla- 
lobes, attached at about the middle of the back. Style filiform, 
exceeding the anthers, the stigmas nearty i mm. long, erect, 
obtuse, oblong. Fig. 2. 

Type collected by the author at Rurrenabaque, Prov. Beni, 
Bolivia, altitude 1000 feet, October 15, 1921 (Mulford Explor. 
no. 1282) and deposited in the herbarium of the New" York 
Botanical Garden, 

A small tree with white flowers, in second growth of forest.” 

6. Chomelia dimorpha n. sp. Young portions, veins of the 
lower leaf surfaces etc., appressed pubescent. Braiichlets 
slender and weak, gray. Spines short, gray. Stipules nearly 
I cm. long, 2 mm. wide, lanceolate with attenuate summit, 
broadly keeled. Petioles 3 to 5 mm. long, stout. BladCvS up to 
I dm. long and 4 cm. broad, ovate, with obtuse base and acu¬ 
minate and acute summit, entire, thin, nearly glabrous above, 
the pubescent reddish midrib and secondaries sharply prominent 
beneath, the latter about 12 on a side, strongly .ascending. 
Cymes axillary, mostly solitary, shortly peduncled, densely 
flowered, the flowers of two kinds. Calyx of the normal flowers 
2.5 mm. long, urceolate-campanulate, the teeth little more than 
a fourth of the length, sub-equal, nearly erect, acute. Gorolla- 
tiibe 6 mm. long, regularly cylindrical, the limb 5 mm. long, 
divided nearly to, the base,'the tips of thelobes nearly obsolete, 
the appendages'obtusish.'' Anthers 2 mm,;, long,'very 'slender, 
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acuminate, extending a little beyond the base of the corolla- 
lobes, the attenuate basal lobes about a third of the length. 
Stigmas reaching beyond the middle of the corolla-lobes, erect, 
linear-oblong, nearly as long as the anthers. 

Associated with these flowers are a few with corollas only 
2 or 3 mm. long, the lobes as long as the’tube, the anthers stouter 
and better developed, and the flowers apparently quite perfect. 

Type collected by O. Buchtien {no. 206) at Coroico, Yungas, 
Prov. La Paz, Bolivia, altitude 1100 meters, Oct. and Nov. 1912, 
and deposited in the herbarium of the New York Botanical 
Garden. 

Species very near C. brevicornni, but distinguished by the 
character of the branchlets, the indumentum and inflorescence. 

7. Chomelia multiflora n. sp. Densely and softly pubescent 
with short, spreading gray hairs. Spines long and slender, very 
pungent. Flowering branchlets numerous, short. Stipules not 
seen. Petioles to 5 mm. long, mostly almost obsolete. Blades 
crowded on the short branchlets, to 5 cm. long and 3 cm. wide, 
oval, verging to ovate or obovate, with acute base and blunt or 
acute summit, entire, thickish, drying brown, very minutely 
short-hairy above, more so beneath, where the midrib and se¬ 
condaries are prominent, the latter 6 or 8 on a side, slender, 
strongly falcate. Cymes slenderly peduncled, mostly shorter 
than the leaves, the flowers numerous, densely crowded. Calyx- 
tube I mm. long, cupulate, the teeth a little longer, v^ery unequal, 
triangular-ovate, acute, lightly spreading. Corolla-tube 8 mm. 
long, cylindrical, the lobes 3 mm. long, the appendages thickened 
and indurated, and almost continuous wdth the end of the lobe. 
Anthers attached at the summit of the tube, 2 mm. long, the 
basal lobes very slender, attenuate, about a third of the length. 
Style very slender, extending beyond the middle of the corolla- 
lobe. . , , ' 

Type collected by the author in copses of the pampas near 
Lake Rogagua, Prov. Beni, Bolivia, altitude 1000 feet, Oct. 28, 
1921 (Mulford Explor, wc. Jjdy), and deposited in the herbarium 
of the New York Botanical Garden. “A large shrub, with white 
flowers,'' ■ , 

Anisomeris Presl 

I. A. spiNOSA Presb'Symb. Bot.- 2 : ,5. ,1^33. ^Chomelia 

Muell.-Arg. Flora 58 : 451. 1875.) 

'2. 'A*' Martiana.' (Muell.-Arg.). n. .comb. {Chomelia/: 

Muell.-Arg. l.c.) Figured under the name C. obtusa 
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Cliaiii. & Sdiichtd.’’ by Wawra, Bot. Ergebn. Reise Maxim, 
Bras. 105. pL 74. 1866. 

3. A» ribesioides (Muell.-Arg,) n. coiril;). {Malanea ribcsioides 

MiielL-Arg. Flora 58: 453. 1875. CkomeHa ribesioides 

Beiitli.; Mart. Flor. Bras. 6^: 40. pi. 5. 1881.) 

4. A. polyantlia (Blake) n. comb, {Chomelia polyantha Blake, 

Contr, U. S. Herb. 20: 532. 1924.) 

5. A. bracliyloba (Standley) n. comb. {Chomelia hrachyloba 

Standley, Contr. U. S. Nat. Herb. 18: 136. 1916.) Pittier*s 
specimen from Vic. Valencia, Venezuela, labelled as above 
by Standley, is the only representative of the species seen by 
me. Smith’s specimen, there cited, is a Chomelia, described 
above as C. longicaudata n. sp. 

6. A. boliviana (Standley) n. comb. {Chomelia bolmana Stanch 

ley {l.c). Chomelia temdflora Bentli. ex Riisby Mem. 
Torrey Club 3R 45. 1893.) 

Gleason’s no. 872, from banks of the Essequibo River, 
Blackstone, British Guiana, is a species of Anisomeris. N. E. 
Browne says of it ‘‘Very near C. angustifoUa Benth./’ to which 
species Standley I'efers it. If this is identical with Bentham*s 
species, the latter must be referred to Anisomeris. 

College of Pharmacy, 

Columbia 'University 



Notes on Fabaceae—IV 

Per Axel Rydberg 
XYLOPHACOS Rydberg 

The genus was originally based on two species, Astragalus 
ntissotiriensis and A. Shortianus, of which the latter was regarded 
as the type. Later the author (Bull. Torrey Club 32 : 661-2. 
1906, and 40 : 48"49. 1913) extended the genus to include prac¬ 

tically Gray’s and Watson’s sections Argophylli and Eriocarpi 
or Sheldon’s Lanocarpus and Sericophyllus. Dr. Gra^A to 
whom the fruit was unknown, included erroneously A. Arthur^ 
ScJioUii in the former; likewise Watson included A . pubeitPissinvus 
and A. Beckimhii. Sheldon misplaced several species, as A. 
dorycnioides, which he had misunderstood, Au Thompsonae, 
which he renamed ^ 4 . syrticclus, A, triquetruSj A. Beckwiihii, 
A. ariemisianim, A. mokiacensis, A. ursinus, A, gilefisis, A. 
Reverchoni, and A. puhentissimus. I am now inclined to exclude 
also A. Parryi from the genus. 

I can not see why Gray (followed by Watson and Sheldon) 
placed one of his sections in the subgenus Euastragalus and the 
other in the subgenus Phaca, Species with the pod more or less 
sulcate on the lower suture are found in both sections, but none 
have even a partial partition. The only difference is the pu¬ 
bescence of the pod, and A. glareosus and A, arftophyllus connect 
the two groups. Jones in his latest work ‘‘Astragalus,” united 
the two sections under Argophylli, but erroneously included 
A. desperakis in it. 

The genus is characterized by its wmody or leathery pod, one- 
celled and somewhat inflated, without any partition, long 
cylindric calyx-tube longer than the teeth, comparativ^ely narrow 
petals, wnth the claws (except that of the banner) longer than the 
blades. All the species are perennial with a woody caudex, 
usually with short stems and most of them with silvery canescent 
foliage. The genus is wholly North American. 

Pod strigose, short-pilose, or glabrous.. 

Exocarp of the fruit not spongy; stem evident, 
but often short. 

Pod more or less curved, or at least decidedly ^ ^ ^ ^ 

'.oblique. : 
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Leaves sparingly hairy or glabrous, 


scarcely canescent. 

1, IO'D,AN'THI 

Leaves densely silvery canescent on 
both sides. 

11. C'VANIil 

Pod straight or nearly so; leaves silvery. 

Ilf. M.1.SSOUR.IENS:! 

Exocarp of the fruit spongy at least in age; plant 
subacaiilescent. 

IV. Pygmaei 

Pod long-villous. 

Corolla purple or ochroleucoiis. 

Pubescence of the leaves strictly appressed. 

V. Eriocarpi 

Pubescence of the leaves loosely villous. 

VI . Glareosi 

Corolla crimson. 

vn. COCCINEI 

I. lODANTHI 

Cah'x more or less black-hairy; pod more or less stri- 
gose; leaves strigose or glabrous. 

Leaflets glabrous or sparingly hairy on the 
margins and veins; pod mottled. 

I. X. iodanthus 

Leaflets strigose beneath; pod not mottled. 

Pod 2.5-4 cm. long, long-acuminate. 

2. X. cibarius 

Pod 2-2.5 cm. long, abruptly acute at each 
end. 

3. X. cuspidocarp 

Calyx white-hairy, pod short-pilose or glabrous. 
Leaflets, calyx, and pod short-pilose. 

4. X. puniceus 

Leaflets, at least below, and calyx long-pilose; 
pod glabrous. 

13. X. iodopetalus 


I. Xylophacos iodanthus (S. Wats.) Rydberg. {Astragalus 
iodanthus S. Wats. Bot. King Exp. 70. 1871.) 

This species is distinguished from all the rest in the very 
scant pubescence, and in flower it simulates very closely some 
species of Cysiium, as for instance C. diphysmn. The fruit is 
narrow and resembles that of Astragalus pakms Jones, but is .not 
2~celIecL Jones (Astragalus 203. 1923) made the following* 

remark: “The valves of the pod often curl out like ranivs’ horns, 
hence, arose my name 'arietiniis.’ “ ■ It seems as if Jones at the 
time thought that his A. arietinus was the same as A. iadunthus, 
though he had already before rightly referred it to A. cibarius 
Sheldon. , 

Nevada: West .Humboldt Mountains and Vi.rginia City, 
Watson 26g; Empire City, Jo7ies, 10,3837; Hunter Creek Canon, 
Kennedy 1600; Clover Mountains, Heller godz; Miller Mountain, 
Shockley 300; Reno, Jones j in 1897; Virginia City, Moomer, in 
1863; Kingston Canyon, Hitchcock pop.— California : Sierra 
Nevada Mountains, Lemmon, ixi 
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2. XYLOPHACOS ciBARius (Sheld.) Rydberg. The first men¬ 
tioning of this species was by Watson in the Botany of the King’s 
Expedition, where it was regarded as a form of the preceding. 
As a species, Astragahis cibarins, it was described by Sheldon 
who gave a specimen collected by Jones in the Utah Valley as the 
type. A year later Jones described it under the name A, ari- 
eiintis^ his own specimens no. 55540 from Fairview being the 
type. 

Utah: Spanish Fork, and Utah Valley, Fremont; Beckwith; 
Siler; Jones, in 1880; Great Salt Lake, Stransbury; Antilope 
Island, Watson, 2^/0; Utah Valley, Jo7ies idyg; Logan, Mulford 
2j, 48; Wellsville, 37; Salt Lake City, Rydberg 6633; Leonard, in 
1883 and 1884; Stokes, in 1901; Oxford, Leonard 10; Logan, 
C. P. Smith 2322; Mrs. Clemens, in 1908; Renselear, m 1889 ; 
W. W. Jones 165; Garrett, in 1903; 1734. — Colorado: Paonia, 
Delta County, Osterhout 4522. — ^Wyoming: Evanston, A. Nelson 
2g68. — Montana: Bozeman, Blankinship, in 1900; San Coulee, 
R, S. Williams 745; Galatin County, Vogel in 1901.— Idaho: 
Pocatello, Mrs. Soth 43. 

3. XYLOPHACOS cuspiDOCARPUS (Sheld.) Rydberg. Astra- 

gains cuspidocarptis was described from specimens collected by 
R. S. Williams at Grafton, Montana. It is closely related to the 
former and mainly distinguished by the shorter more abruptly 
acute pod and smaller flowers. A specimen, Leiberg 171, was 
distributed under this name, but it belongs to a species of 
Cysiitm. Led astray by this specimen, Jones referred A. cus- 
pidocar pus First to A. lentiginosus Dough and later to X. diphysus 
Gray (Astragalus 125. 1923), but in the same publication, p. 

213, he made it a variety of A * Missouriensis, confusing it with 
A. Shortianus minor A. Gray. 

Montana : Bozeman, Chestnut & Jones 203; Blackfoot River, 
Canby 75; Anaconda, Blankinship 675.—liOMio: Picabo, Blaine 
County, Macbride Sf Pay son 2922.—Wyoming: Mammoth Hot 
Springs, Bttrghlehatts, in 1893; Yellowstone Park, Mearns 645, 
S05. ' ' ■ ; 

• 4. XYLOPHACOS PUNICEUS (Osterhout) Rydberg. The type 
of this was collected at Trinidad, Colorado. Jones (Astragalus, 
in the index) referred it to Astragalus missouriensis,hut evidently 
had not seen any specimens. X. punicens is not closely related 
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to any of the other species, is characterized by its tall stems, 
short, spreading pubescence, which extends even to the fruit. 
It is placed in the present group on account of its rather thin, 
arcuate, mottled pod, and rather sparse and spreading, not 
silvery canescent pubescence. Perhaps it should have con¬ 
stituted a group by itself. 

Colorado: Trinidad, Osterhout 1737; near Fishers Peak, 
Trinidad, Miss Beckwith 101 .— Oklahoma: Kenton, Cimarroii 
County, G. W. Sievens 468. 


11 . Cyanei 


Pod tapering at the base, narrowly lanceolate-lunate, 
decidedly arcuate. 

Leaves linear, obtuse; racemes elongate; calyx 
black-hairy. 

I.eaves oval or ovate to elliptic or lanceolate, if 
narrow, acute; racemes mostly short. 
Pod mottled, 2-3 cm. long; calyx more or 
less black-hairy, the teeth less than half as 
long as the tube; leaflets oval, acute. 

Pod not mottled, 3-4 cm, long. 

Calyx-^teeth less than half as long as the 
tube; leaflets obovate or oval, 
obtuse or acutish; bracts 2-3 
mm. long. 

I.eafiets oval, or elliptic, or nar¬ 
rowly obovate. 

Calyx white-hairy; pod form¬ 
ing nearly half a circle. 
Calyx black-hairy, pod form¬ 
ing one-fourth to one-third 
of a circle. 

Leaflets broadly obovate. 

Calyx more or less black-hairy, the 
teeth more than half as long as the 
tube; leaflets lanceolate, very acute; 
pod about 8 mm. wide, slightly ar¬ 
cuate; bracts 5-8 mm. long. 

Pod rounded, obtuse, or merely acute at the base, ob¬ 
liquely lanceolate or ovate, less arcuate. 
Corolla white or ochroleucous; calyx with mixed 
black hairs; leaflets mostly oblong or el¬ 
liptic./' 

Corolla usually purplish; calyx mostly white- 
■ hairy. 

Leaflets elliptic to obovate; pod strictly 
straghse. 


5. X. Cased 


6. X, Zionis 


7. X. afnpMoxys 


8. X. melanocalyx 
18. X. 7 'idestmni'i 


9. X. aragaikmies 


10. X. Webberi 
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Calyx loosely pubescent. 

Pod pubescent; leaves pubescent 
on both sides. 

Pod 3“4 cm. long, arcuate, sili¬ 
cate on the lower suture; 
corolla more than 2 cm. 
long. II. X. Shortiamis 

Pod 2-2.5 cm. long, slightly 
arcuate, not silicate; corolla 

less than 2 cm. long. 12. X. pephragnienus 

Pod glabrous; leaves often glabrate 
above at least in age. 

Calyx-lobes about half as long 

as the tube. 13. X. iodopetaliis 

Calyx-lobes less than one- 
fourth as long as the tube. 14. X. refmdcus 
Calyx with strictly appressed hairs. 

Pod lance-ovoid, 2 cm. long or more. 

Leaflets elliptic or elliptic- 
oboA’ate. 

Calyx black-hairy, pe¬ 
duncles 3 dm. long; 
plant green. 15. X. Chloridae 

Calyx white-hairy; pe¬ 
duncles I “2 dm. 
long. 

Calyx-teeth about 
one-third as long 
as the tube. 16. X.cyaneus 

Calyx-teeth less than 
one-fourth as long 

as the tube. 17. X. brachylobus 

Leaflets broadly obovate. 18, X, Tidestromii 

Pod broadly ovoid 1.5 cm longer 
less.' 

Leaflets 9-13, obovate, about 
I cm. long; pod broader 

than high. 19. X. castaneaeformis 

Leaflets 15 -25, oval or elliptic, 

5“7 mm. long; pod higher 
than broad. 20, X. tephrodes 

Leaflets lance-oblong, acute; pod hirsutulous. 21. X. argophyllus 

5'. Xylopliacos’ Casei (A. Gray) Rydberg. - (AstragaluS' Casei 
A. Gray. Bot. Calif. 1: 154. 1876.) 

This species was described from specinaens collected near 
Pyramid Lake, .Nevada, but its range'extend's'southward ;to the' 
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Death Valley, California. Dr. Gray associated it corrcTrtly with 
Astragiilus iodanthus and A. Wehheri, notwithstanding tlie narrow 
leaflets. The pod resembles that of the former but is thicker, 
less mottled, and pubescent. The pubescence of the leaves is 
that of X. Wehberi, but the pod is more ob-compressed, narrower, 
and more tapering at the base. The species is perhaps more 
closely related to X. amphioxys, differing in the narrower leaflets, 
elongate inflorescence, and black-hairy calyx. Jones (Astragalus 
147. 1923) placed it with Astragalus Grayi and A. pe^tmatus, 

with which it has no close relationship. 

Nevada: P^u'amid Lake, Lemmon Case; Candelaria, Jones 
354; Hawthorn Jones 3834, Lemmon 6y; Gold Mountain, Purpus 
Sg84. —California: Owens Valley, Jones, in 1897; Panamint 
Mountains, Coville & Funston 747; Inyo County, Hall & 
Chandler 7134; San Bernadino Mountains, Jones 6233 ,— Wash¬ 
ington: Walla-Walla, Brandegee 720, 

6. Xylophacos ziONis (M. E. Jones) Rydberg. This species 
is evidently related to X. amphioxys and Xh aragalloides, though 
the pod is less tapering at the base, shorter, and distinctly 
mottled. 

Utah: Springdale, Jones 323Q, 324g g and /n 

7. Xylophacos AMPHIOXYS (A. Gray) Rydberg. Astragalus 
am^phioxys A. Gray was based on A. Shortianus var.? minor 
A. Gray, Proc. Am. Acad. 6: 211, ^^magna pro parted' and A. 
cyanetis S. Wats. Am. Nat. 9: 270. The latter included Parry 
46 and 4p. Dr. Gray also cited the following collectors: '^Thiir- 
her, Parry, Palmer, &cd^ Turning to the publication of /I. 
Shortianus minor we find that it was based on cyaneus A. 
Gray PI. Fendl. p. 34 (magna pro parte)d' A. cyaneus A. Gray 
was wholly based on Fendler 148. It seems therefore that, if 
literally interpreted, H. amphioxys would be a mere substitute 
for A. cyaneus A. Gray. Evidently Dr. Gray did. not mean, 
A, cyaneus {magna pfo parte) in Plantcie Fendlerianae, but 
A. cyaneus {magna pro pane) as he had extended his conception 
in the mean time, which included A. cyaneus of the Botany of 
the Mexican Boundary Survey, i, e. Thurher 2g3 from Dona Ana, 
New Mexico, and Mexican Boundary Surmy 233 from El Paso, 
The latter number was omitted" in. the published volume,.but is 
inserted", in lead-pencil in Dr. Torrey’s private .''co.py,/' ^ Both of' 
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these I regard as typicdil A, mnphioxys, ' Tliiirber’s specimens (in 
flower only) are the first mentioned under that species, and 
should be regarded as the type, if A. ampJiioxys is to be limited 
to the first synon^mi mentioned. Fendler 148 can not be so 
regarded as it does not agree with Dr. Gray’s description. 

The second synonym under A . amphioxys may be considered 
by some botanists, as Parry 46 and 4g are mentioned first, 
merely to connect with the reference in the American Naturalist. 
If so there will arise another serious trouble, for Parry 46 and 4g 
are not alike. The former is cited first and it agrees best with 
the description having “foliis saepius oblongis acutis.” I regard 
this number as belonging to X. aragalloidesi while no. 4g is the 
same as Thurber 2gy and Mexican Boundary Survey 255, or as 
I take it, X. amphioxys. In the Gray Herbarium no. 4g has been 
changed by Dr. Gray to A. amphioxys Gray n. sp. while no. 46 
remained unchanged as A . cyaneus. 

It is therefore best to regard Thurber 2gs as the type. In this 
case the specimens cited by Gray, viz. Thurber, Parry, Palmer 
&cd’ belong to X. amphioxys except Parry 46. Sheldon has 
determined Parry 4g in the Columbia Herbarium as Astragalus 
crescenticarpus but it was not included in the original description 
and does not seem to fit it. The same number in Gray Her¬ 
barium he determined as A. Shoriianus, and no. 46 as am¬ 
phioxys. 

Texas: El Paso, Mexican Boundary Survey 25$: in 

1881.* —New Mexico: Rio Grande, Thurber 2g^j Frontera, 
Mexican Boundary Survey {Parry) 2^5; Albuquerque, Winnee 
Harward, in 1900; Kamnierer 37. — Xmzcmh'. Palmer 105,115^ 
in 1876; Grand Canon, Lemmon 4167; Franconia, Jones, in 1903. 
—Utah: St. George, Parry Washington, Jones, in 1880 — 
Nevada: Meadow Valley Wash, Jones, in 1914.— Chihuahua: 
Paso del Norte, Pringle 201. .;■■■■ 

8. Xylophacos melanocalyx Rydberg, sg. nov. {Astragalus 
amphioxys M. E. Jones, Astragalus 214, in part. 1923. Astra¬ 
galus amphioxys X Layneae M. E. Jones, Astragalus 215. 1923.) 

Perennial, with a cespitose calyx; stems many, 2"7 cm. long, 
decumbent or ascending, white-strigose, densely covered with 
leaves; leaves 5~-io cm. long, ascending or spreading; stipules 
deltoid, 5-8 mm, long, white-strigose; leaflets 11-19, (oval or 
obovate, 5-10 mm. long, 2-5 mm. wide, white silky-strigose on 
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both sides, obtuse at each end; peduncles 7-15 cm. long, erect, 
wliite-strigose; bracts lanceolate, 2-3 mni, long, niein1)ranaceoiis; 
flowers siibsesslle; calyx black-hairy, the tube 6-7 nun. long, 3-73-5 
mm. broad, the lobes deltoid-subulate, 2 mm. long; corolla bluisli- 
purple, 15-18 mm. long; banner obovate, iiioderalcly arcliecl; 
wings, shorter, the blade-oblong, acutish, with a large rellexed 
basal auricle; keel-petals nearly as long as the keel, the blades 
lunate, rounded at the apex; pod crescerrt-shapecb al')oiit 3 cm. 
long, I cm. broad and 5-7 mm. deep, cross-wrinkled, white- 
strigose with somewhat kinked hairs. 

Type collected at Copper Mine [west of St. Cleorge], Utah, 
April 4, 1894, Jones soog (Pomona College herl)arium). 

The type constituted a part of Jones’ Astragalus amphioxys X 
Layneae. The plant is evidently related to X. amphioxys and 
might have been made a variety thereof, dilTering mainly in the 
black-hairy calyx, darker colored corolla and comparatively 
broader and less curved pod. I think that Jones is mistaken, 
however, in regarding it a hybrid with Astragaius Layneae A. 
Gray, i.e. Hamosa Layneae (A. Gray), the plant having no feature 
characteristic to that species and not found in X, aniphioxys. In 
fact three numbers of Jones’ own collecting and named by him 
simply as A . a^nphioxys belong to X. melanocalyx. One of these 
was collected at the same locality and the same date as the ty^^e 
of the so-called hybrid. To me it seems to be a part of the same 
collection. Jo?ies soog from the Copper Mine was assigned as 
the type as it is the only one having an old fruit, 

Utah: Copper Mine, April 4, 1894, Jones, SOOQ (named 
i?. amphioxys X Layneae); Beaver Dam Mountaias, Tidestrom^ 
g344.. —^Arizona: Beaverdam, Aprils, 1894, Jones soog. Chime- 
hiivis., April 21 and 23, 1903, Jones [one sheet (Pomona College 
number 25956) of the former was named A. anidMoxys,the other 
(no., 45600) was named A. amphioxys X Layneae\; Vicinity^ of 
Kayenta, John Welterill, in 1922. 

9. Xylophacos aragalloides 'Rydberg.,.. Jones gives this 
as a synonym of 74 amphioxys, whkh is true only in 
part as to Parry 46. See notes under' the preceding species. It 
differs from the same in the characters given in the key. Besides 
"the hairs,of X, aragalloides are filiform cylindric, not tapering,at 
both ends,,;,or as, Jo,nes calls them':‘'pick-shaped'” in,describing 
A, amphioxys. . ' 

. Utah: St. Geo.rge, Jones X633: Palmer loi, ml%^yyPuffy '46. 
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10. Xylophacos Webber! (A. Gray) Rydberg. {Astragalus 

Wehheri A. Gray, Bot. Calif. 1: 154. 1876.) 

This species resembles somewhat X. ciharius and X. cuspido- 
carpus in general appearance and in the flowers, but is more hairy, 
and the pod resembles more that of X: Shortiamis. 

California: Plumas. County, Mrs, Ames, in iSyS'^ Lemmon 
74; Mrs. Clemens in 1820; Mrs, Austin, 

11. Xylophacos Shortianus (Nutt.) Rydberg. This is 
characterized by the broad, silvery leaflets, the large corollas, 
the silky-villous rather than strigose calyx, and the large pod, 
rounded at the base, strongly arcuate, more or less sulcate on the 

4pwer suture and obcompressed except at the tip. 

WypMiNG: Telephone Canon, A. Nelson $4; Albany County, 
A, Nelson 2 Sq8, 7021; Laramie Hills, E, Nelson 54, 227; Laramie 
Plains, Oste^out; LFintah County, Stevenson 8 ,— Colorado: 
Boulder, Patterson; Clear Creek, Hall Harbour; Colorado 
Springs, Sturgis, in 1915; Jones 80; without locality, Hulse, in 
1870; Fremont; Wet Mount Valley, Brandegee, in 1873; Morrison, 
Clokey 3108; Boulder County, Tweedy 5djp, 5155; Fort Collins 
and vicinity, Cowen, in 1896; C. F, Baker, in 1896; Ute Pass, 
Bilfmore Herbarium I4g2; Clear Creek, Coulter; Denver, Rydberg 
& Vreeland 5g76; Grand Junction, Crandall, in 1898; Monument, 
Johnston & Hedgecock 667; Howe’s Gulch, Crandall, 288; Colo¬ 
rado Springs, Eggleston 11164; La Porte, Crandall 776, Golden, 
Letterman, in 1885; Bronson, Eggleston 20170.— Neiy Mexico: 
Emory Gap, LTnion County, Eggleston 201 sg, 

: 12.'Xylophacos, pephragmenus (M.' E. Jones), Rydberg. 
(Astragaluspephragmemis M.E, Jones, Zoe 4 :267, 1893.) 

The specimen in the National Herbarium, marked in Jones’ 
own handwriting, “Type Specimen!” represents a rather stout 
branch withTmusually large stipules, but otherwise I can not 
see that it is specifically distinct from the common form repre¬ 
sented by MacDougal 27 and jpp.' ' It is'not,closely related to 
A,argop}hyll%is,ol which Jones made it a-variety in his ,revisio,n of' 
Astragalus (p.'208)., 

Two years later Jones described Astragalus intermedkis {¥roc. 
Calif. Acad. 11. 5: 656. 1895), based on specimens in flower in 

the National Herbarium, collected by Palmer in Arizona. On 
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the same sheet there is mounted an envelope containing old 
fruit of some species of true Astragalus (perha[')s .4. ?nagoU(}nicits 
or A. marcidus) ; from these pods tlie description of tlie fruit was 
drawn. There is no evidence however, that t'hese pods Ijeloiigcd 
to the same plant. Three years later Jones clianged the ruinie 
to A. Fhoenicis (Contr. W. Bot. 8: 12. 1898) as tlie name /I, 

intermedius wms preoccupied. Jones has distril)Uted two sets of 
specimens determined as A. Phoenicis. (3ne set from Skull 
Valley, collected April 28, 1903, matches the type of A, Inter- 
medius, but has fruit like those of MacDougal 27 and ipp. In his 
''Astragalus,'' Jones transferred these to A, femulcus, the original 
of which had glabrous pods. The other set from Chloride, 
Arizona, represents a much larger plant, almost green and with 
black-hairy calyx. This evidently afterwards became the type 
of A. remulcus Chloridae (Astragalus 210. 1923). 

The type of Xylophacos le7iophyllus Rydl). was mistaken 
for A. remulcus M. E. Jones and Jones included it in his descrip¬ 
tion of that species in his revision of Astragalus. It differs, 
however, in the pod, which is pubescent, and in the leaflets which 
are pubescent on both sides. It is a smaller plant than X. 
Shortiafius, has smaller and not so coriaceous pods, thin-walled 
and not silicate on the lower suture, and shorter calyx-lobes. On 
account of the latter character it has been regarded as the same 
as A, amphioxys brachylobtis A. Gray, but the latter is smaller, 
with a distinctly appressed pubescence, even as to the calyx. 

I therefore think that A, intermedius, A. Phoenicis and 
Xylophacos lenophyllus should be regarded as synonyms of 
A. pephragmenus. 

Arizona: Vicinity of Flagstaff, MacDougal 27; xgg, in 
1898, also in 1891; without locality, Palmer 102, of 1876, not of 
1877, San Francisco Mountains, Tidestroni g6i; Skull Valley, 
Jo7ies; Flagstafl’, Rose 12107.—New Mexico: Probalily near the 
Copper; Mines [Santa Rita]/ Mexican Boundary Survey ■260: 
(mmed A. glareosus?). — Utah: Pindo.'Cafion, 

13. ■ Xylophacos iodopetalus (Greene) Rydberg, n. sp. {Xylo- 
phacos sHpularis Rydh. ,F1. Rocky Mts.' 504,, 1063,,, mainly. 
1917. AAot Astragalus arietinus stipularis M. E. Jones, 1895. 
Astragalus iodopetalus Greene, Ms. in herb.) 

' Perennial with' a eespitose,caudexistems"i«2 dm. .high, spar- 
■ingly .pilose, or,, glabrate;;leaves long,/stipules.'large,. 
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scarioils, deltoid, 6-8 mm. long; leaflets 21-27, obovate to eb 
liptic, 5-15 mm. long, 4-8 mm. wide, glabrate above, silky-pilose 
beneath; peduncles 5-10 cm. long; racemes short and clense; 
bracts lanceolate, 4-7 mm. long; cal3^x silky-pilose, the tube 8-io 
mm. long, the teeth lance-subulate, 3 mm. long; corolla purple, 
fiilty 2 cm. long; banner obovate, slightl}^ retuse; wings shorter, 
the blades oblong, with a large basal auricle; keel-petals still 
shorter, the blades broadly obliquely obovate, arched and 
rounded at the apex; pod lanceolate in outline, arcuate, acumin¬ 
ate at the apex, obtuse at the base, cross-reticulate, 2.5-3 cm. 
long, glabrous. 

T\me collected at Arboles, Colorado, June 1899, Baker 41K 
(herb. N. Y. Bot. Card.). 

This resembles in some respects X, Shortianus and has the 
same loose pubescence on the cal^^x, but the stem is better de¬ 
veloped, the pubescence of the leaves is looser and sparser, and 
the pod is glabrous. It differs from X. remtdcus in the longer 
calyx-teeth, which are about half as long as the tube. 

Colorado: Sapinero, Baker 184; Arboles, Baker 415; Ce- 
ballo, N, L. T. Nelson 23; Montrose, Payscn 87 .— New Mexico: 
Kingston, Metcalfe 1056. 

14. Xylophacos remulcus (M. E. Jones) Rydberg. {Astragalus 
remulcus M. E. Jones, Proc. Calif. Acad. II. 5 : 658. 1895.) 

This is closely related to the preceding. It was described 
from Rushy 376, In this the pod is young, evidently glabrous 
from the beginning, shorter than in the two preceding, wdth a 
very prominent upper suture, and the leaflets are glabrous above, 
silky-villous rather than strigose beneath. Jones’ description in 
his “Astragalus ” fits better X. pephragmenus, which was also in¬ 
cluded. Sheldon included it in A. amphioxys brachylohus A. 
Gray. This may explain why Jones cited the latter as a 
synonym. The original var. brachylohus is, however, evidently 
not the same. In general habit X. remMkus resembles closely 
A, Mokiacensis A. Gray, but the calyx is longer, the racemes' 
shorter, and the structure of the pod different, 

Arizona: Bangharte Ranch, Rtisby 3767 Fort Verde, Mearns 
345; Santa Catalina Mountains, 22S7; Atargue de 

Gracia, Wooton, in 1906; Jerome Junetion, Marsh, in 1905, 

■ , 15,,'' Xylophacos 'Chloridae,'(M. E.. Jones).Rydberg.,'/ .{Astra¬ 
galus remulcus CMmdae M. E. Jones, Astragalus 210, 1923.) 
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Related to the preceeding but a larger and greener plant, with, 
peduncles often 3 d.m. long and l)lack-hairy ca,lyx. Tlie type 
came from Clilorida, Arizona. 7 \aother specimen frc,')ni Arizona,, 
viz. Lemmon 3354 may belong here. 

16. Xylophacos cyaneus (A. Gray) Rydberg. Astragahis 
cymieus A. Gray, Mem. Am. Acad. II. 4 : 34, , 1849.) 

This was described from flowering specimens, together with 
some old loose pods. The former revsembles a small |:.)lant of 
A", missoimeiisis, but the pods resemble those of A. Shcrtiamm 
though smaller. Gray therefore reduced the species later to 
A, Shoriianus nvinor, though he confused witli it specimeiis of 
X, amphioxys. Wooton & Standley regarded it as a synonym of 
A. Shortianus, Jones for some time regarded it as a synonym 
of A. missounensis and lately (Astragalus 213. 1923) lie made 

it a synonym of A. missouriensis c/uspidocarpus, wholly misunder¬ 
standing A. ctispidocarpus Sheldon, which is related neither to 
A. missoimensis nor to A. cyaneus but to A. ciharius. I myself 
have added to the confusion by misunderstanding both A . cy¬ 
aneus A . unitensis. What I have described in my Flora of 
the Rocky Mountains under the name Xylophacos tmiiensis 
Rydb. is mostly X. cyaneus. 

New Mexico: Santa Fe, Fendler 148; Heller 3519; Bro, 
Bertaud 114; Las Vegas, Bra, Anecl 103; Gila Forest, Ei^gleslon 
17001, 16933; Shiprock, Standley 7181; Kingman, Vasey, In 
1881 —Colorado: Mancos, Baker, Earle & Tracy 36; Wootton, 
Rusby, in 1909; Pueblo, Rydberg & Vreeland 5975; Cmtiml Junc¬ 
tion, Crandall; Cripple Creek, Tweedy 253, Albuqiierque, Mary 
Cooper, in 1909; Delta, Tidestroni 2 I 78 ,~ 0 klmioma: Woods 
County, G, JF. Stevens 220; Harper County, 303^ 327, 263; 
Beaver , County, 337, 339; Cimarron'. County,'"472; Texas 
County Texas: Grady, Fisher County, Shepherd, in 1901. 
—KmzcMiW Rothrock 1112, 

17. Xylophacos brachylobus (A. Gray) Rydberg. {Astragalus 
Shoriianus brachylobus A. Gray, Proc. Am. Acad. 13 : 367. 1878.) 

This species was first collected by Edward Palmer («c. 115 in 
1876, and no. J02, 1877) in Northern Arizona. On the latter, 
Dr. Gray based the variety. Jones has applied this name as a 
synonym of A . remulcus, but evidently he was in error, though 
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/I. renmlciis and X. lenophyUiis both have short calyx-teeth and 
therefore would agree with Gray’s short description. Fainter 
102, the only specimens Dr. Gray had before him at the time, 
evidently must be regarded as the t^^pe. 

Arizona: without locality, Palmer in 1876; Palmer 102, 
in 1877; also jid; Holbrook, Miss Zuok, in 1896; Clifton, Rusby; 
Pina! Mountains, Jones, in 1890; El Tovar, Grand Canon, 
Seichell, in 1907; Peach Spring, Lemmon, in 1884; Carriosa Moun¬ 
tains, Standley 7477; Winslow, Ward, in 1901; Petrified Forest, 
Ward ill 1901; Holbrook, Zuck, in 1896.— Neiv Mexico: Al¬ 
buquerque, Herrick, in 1894; Mangus Springs, Rushy goy^; 
Santa Fe, Earle 82; Fendler 14Q, Edti^ards; without locality, Miss 
Harward, in 1900; Silver City, Eggleston IQQSJ, IQQSS — 
Colorado: Los Pinos, Baker 426. — -Utah: Kanab, Mrs, Thomp¬ 
son; Belknap, Stokes in 1900.— Nevada: St. Thomas, Tidestrom 

8673^ 

18. Xylophacos Tidestroxnii R^Mberg, sp. nov. Perennial, 
with a deep woody root and short cespitose caudex; subacaules- 
cent; stems i-“5 cm. long, white-woolly; leaves 5-8 cm. long, 
spreading,, stipules broadly deltoid about 5 mm. long; leaflets 
11-15, broadly obovate, 6-12 mm. long and nearly as broad, 
densely white, silky-villous on both sides, cuneate at the base, 
rounded at the apex; peduncles 5-7 cm. long; racemes 2-4 cm. 
long; bracts lanceolate, 2-4 mm. long; calyx with mixed white and 
black hairs, the tube 6-8 mm. long, the teeth subulate, 2 mm. 
long; corolla unknown, except the keel-petals which are 12 mm. 
long, the blade broadly lunate, -vvith a large auricle, purple- 
tipped, and shorter than the claw; pod tapering at each end, 
strongly arched above the middle, strigose-canescent, cross- 
reticulate, about 4 cm. long, 4 mm. high and nearly 1 cm. broad. 

Type collected in Charleston Mountains, Nevada/May 27, 
1919, Imr Tidestrom g66i (U. S. Nat. Herb. 1117336,) 

This species is related to X, amphioxys but differs in the 
broader leaflets, the broader and less attenuate pod. To it is 
also referred the following specimen, Goodding 2283 from Las 
Vegas, Nevada, which has more silky pubescence and a shorter 
less tapering pod, 3 cm. long. 

19.. Xylophacos castaneaeformis (S. Wats.) Rydberg.',:, {Astra¬ 
galus castmeaeformis S. Wats. Proc. Am. Acad. 20: 361. 1885.) 

This species differs from the rest of the group in the short 
obliquely ovoid pod and rather few leaflets. 
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Arizona: Flagstaff, MacDoiigal j6; 66; Bill Williams Fork, 
Bigelow, on Whipple’s Expedition, 1854; Williams, Lemmon 
J262; Grand Canon, Tourney, ■ 

20. Xylophacos teplirodes (A Gray) Rydberg. {Astragalus 

lephrades A. Gray, PL Wright, 2: 45. 1853.) 

This species is imperfectly known from a single specimen coL 
lected in the Organ Mountains, New Mexico by C. Wright. 

21. Xylophacos ARGOPHYLLUS (Nutt.) Rydberg. This is 
probably most closely related to X. cyaneus, but differs in the 
narrower, acute leaflets, the longer calyx-lobes and stipules, and 
the longer and coarser pubescence of the pod. It approaches 
X. glareosus and has been mistaken for it, but the pod is not 
villous, though the hairs are long; they are straight or nearly so. 

Montana: Dillon, Shear 3438 .— Wyoming: Nuttall; P01 ter, 
in 1873.— Nevada: Ruby Valley, Watson 281, in part; Palisade, 
Jones, in 1882; Lewiston, Ziindle, in 1900.— Utah: Logan, 
Garrett, F. 22gT, Weber Canon, Armstrong, in 1912; Wasatch 
County, Carlewn &f Garrett 66gg; Pailey’s Canon, Garrett 2132; 
Juab, Goodding logo; Silver Reef, Jones 5x63 h; Monticello, 
Rydberg Garrett giS3; Juab, Jones 6336 B; Logan Canon, C. P. 
Smith 2162; Salina Canon, Jones 3428; without locality, Parry 23; 
Parley’s Park, Watson 281; Park City, Jones; Deep Creek, Jones, 

Astragalus argopliyllus cnicensis M. E. Jones is nearly typical 
X, argophyllus. A, argophylhis Martini M. E. Jones is a de¬ 
pauperate form with very short peduncles and rather broad 
leaflets. It is represented by the following diree specimens. 

Idaho: Blaine County, MacBride ef Pay son; Soda Springs, 
Martin; Arco, Palmer 164, 



Germination of the spores of Riccardia pinguis 
and of Pellia Fabbronlana 

A. M. Showalter 

(with two text figures and plate 5) 

The following study with the spores of Riccardia pinguis 
(L.) S. F. Gray (= Aneura pinguis Dumort.) was undertaken 
to determine the origin of the apical cell. The spores were sown 
Oil thin agar plates (about 1.3% in tap water) in shallow petri 
dishes, and the covers were fastened in place with strips of gum¬ 
med paper. The petri dish could then be placed on the stage of 
the microscope and the sporelings examined without removing 
the cover. By the use of indices on the cover it was easy to 
find again a given sporeling and thus Fo make camera lucida 
sketches showing successive stages in its development. 

This of course fiermitted the use only of the low power 
objective (Leitz no. 2) and the image lacked clearness. Intra¬ 
cellular details could not be determined and it is probable 
that cell divisions were apparent only after the formation of 
a cell wall. 

The spores were sown March 23, 1923 and the cultures 
were kept in the Bryophyte greenhouse of the National Botanical 
Garden at Brussels. The temperature and light intensity were 
both rather low and in most cases the first division of the spores 
was apparent only about a month after the sowing. 

The changes in the spore preceding the first division have 
been described by Miss Clapp (1912) and need' not be repeated 
here. As observed in other cultures and as reported by Miss 
Clapp the first division of the spore is very unequal. The smaller 
cell then grows and divides, again more or less unequally, in a 
plane which intersects the previous division wall fig. i, ai, b2, 
Cl, di), (Miss Clapp’s fig, 5p). The smaller of these two cells 
grows more rapidly than its sister and divides, again unequally, 
in a plane which intersects the previous wall and marks out a 
well defined apical cell (fig. i, a2, b4, Cs, da). This apical cell 
continues to grow and give off, alternately right and left, seg¬ 
ments each of which is larger than the remaining apical cell, 
as is characteristic of the apical cell in the older plant (fig. r , 
a, b,;.c, d).; ' ' 
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All these divisions beginning with the first division in the 
spore are iineQiial and in each CHvSe the sniallei cell glows more 
rapidl}"' and divides before its sister. Xhe segments aie given 
off alternately right and left except the first whicli is posterior 
to the direction of growth. This suggests that the s|)oie itself 
in effect functions as an apical cell, but I have no evidence to 
show that its polarity is fixed, as seems to be the case in Pel ha 
Fabbroniana described below. 

The segments given off by the apical cell may, very early, 
undergo further division (fig. i, d,, cl,) but in this experiment 



Fig. I. Font sporelmgs of Riccardia pififids sketched in siicr.essive stages 
of development; ai, bi, ci, di sketched Atay 5, 1923; b2, C2 sketched again May 
7; as, ba, ca, da sketched again May 10; aj, ds May 12; a*, C4, d4 May 17; 

and as, bg, cs, ds, May. 19. 

no case was observed in which the first segment (the posterior 
cell formed the first division) had'divided. An experiment 
described below shows how^ever that this cell may divide. 

The spores of this species may-also' be germinated on the 
slide and some of the protoplasmic changes accompanying 
nuclear and cell division may. be observedA*:^ vivo.^ 'A clean >slide 




1925] showalter: spores of riccardia and pellta 159 

is sterilized in the flame of a bunsen burner or alcohol lanip and 
when sufficiently cooled a few drops of warm agar solution (about 
in tap water) are poured on the slide. As soon as the solu¬ 
tion begins to congeal at its edge a few freshly shed spores are 
dropped on the liquid suiface and a clean sterilized cover slip 
is added. The preparation is placed in a iiioist chamber (petri 



Fig. 2. Sporeling of R. phiguis (a) sketched May 25, and (b) again 
June 9. Further-explanation in text. 

dishes were used) before a north window. Spores in such 
culture-preparations underwent the first division in from 
ten to fifteen days. The daily variations in the temperature of 
the laboratory caused the agar to dry out but some of the spore- 
lings developed to the three-celled stage. 

At the time these culture-preparations were made there was 
on my table a watch glass with spores which had germinated 
in tap water and had developed to the tvro-celled stage—the 
stage at which sporelings in water culture usually die. A few 
culture-preparations similar to those just described were made, 
using these two-celled sporelings instead of freshly shed spores. 
In one of these culture-preparations the sporelings developed to 
about a dozen cells each and produced rhizoids of considerable 
length ,(fig.;2).. 
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The rhizoids were formed as abrupt oiitgrow^ths from cells 
near the posterior end of the sporeling but in no case did I 
find a rliizoid arising from the end cell—f’. e, the first segment 
given off by the germinating spore. This cell is easily distin- 
guished by its brownish color due to the presence of a large part 
of the exine of the spore which adheres to and covers all its 
free surface. (Miss Clapp’s 61, 62). 

Disintegration of these sporelings was first noticeable in 
the young- cells of the apical end. At about the same time that 
disorganization was first noticeable in the apical end, nuclear 
and cell divisions were observed to occur in the rhizoids and 
in the oldest cell—the initial segment given off by the germinat¬ 
ing spore. Fig. 2 shows the same sporeling sketched May 25 
and again June 9. At the former date the initial segment was 
still undivided and each of the two rhizoids had divided into 
two cells. At the latter date the initial segment had divided once 
and the larger rhizoid had divided into six cells. Other spore- 
lings in the same culture-preparation showed rhizoids divided 
into vaiying numbers of cells. The maximum number of cells 
into w'hich any one rhizoid had divided was seven. ThCvSe 
divisions were not accompanied by growth, and in none of the 
rhizoids, sketched before and after the divisions had occurred, 
could any increase in size be detected. 

Goebel (1906) describes multicellular rhizoids in GottscJiea, 
which, I think, is the only other record of such rhizoids in the 
Hepaticae. The divisions here reported in the rhizoids of 
Riccardia have occurred, it is true, under highly special physico¬ 
chemical conditions, but these conditions probably do not 
exceed the range of conditions in nature. 

Pellia Fabbroniana 

It has long been knowm that the spores of Pc/fc germinate 
before being shed from the sporogone (Hofmeister '’51, M'tiller 
’66, Leitgeb ’77). Upon examining sporogones of P. epiphyUa 
collected January 18, 1924, in the ForSt Soigne near Brussels 
I wms surprised to find the '^spores” already consisting of four 
to eight cells each, although the sporogones were still quite 
small. It occurred to me to examine Fabbroniana Raddi, 
of which there were about tw^'o dozen sporogones in one of my 
greenhouse cultures. Since the number of sporogones available 
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was so small they were used only sparingly in order to get the 
maximum of information from the material available. 

Two of these sporogones were examined the same day 
(January 18). One of them showed the large four-lobed spore 
mother cells in some of which the cell division was not yet com¬ 
plete (fig. 3). The lobes of the spore mother cell (and the spores 
formed from them) are long ovoid with the long axis about twice 
as great as the median transverse diameter (fig. 3, 4, 5). In 
many of these spore mother cells the spindle of the last division 
was still distinguishable and appeared to be composed of granular 
strands. The protoplasm in the immediate vicinity of the 
spindle was free of chloroplasts but contained numerous small 
refractive bodies (whether globules of liquid or more solid bodies 
was not determined). Chloroplasts were so numerous in the 
rest of the space within the cell as to obscure all other structures 
from view. 

When these spore mother cells were placed in water one or 
more of the lobes of each cell burst at its distal end and allowed 
the protoplasm to flow out. In some cases the fissure in the 
cell wall was small and the outflow of protoplasm was very 
slow. In such cases the granules in the strands of the spindle 
could be seen to migrate toward the lobe from which the pro¬ 
toplasm was exuding. As the movement was accentuated, 
single chloroplasts were seen to pass along one of the strands 
of the spindle and to migrate over to the discharging lobe, the 
vSpindle remaining in its original form and position until a con¬ 
siderable quantity of the protoplasm had been exuded. This 
suggests that these cells might be favorable objects for micro¬ 
dissection studies of the structure of the achromatic spindle. 

The other sporogone examined at the same time showed about 
half of the spores once divided, about one-fourth with an incom¬ 
plete cell plate, and about one-fourth in which no indication of 
the division was apparent. These were mounted in water and 
when examined under the microscope the spores had separated 
from their tetrad sibs and no exospore wall was visible on them. 
(It was later observed that '‘spores'^ up to the time of the 
second division are held together in tetrads by the exospore 
but when placed in water this exospore ruptures at the^^ fe 
end of each lobe and the “sporespop out leaviiig behind^^^ A 
four-lobed gelatinous cell wall of the spore mother ceil with 
its' eehinate surface.) ■" ' 
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The first division wall in the spore is almost longitudinal 
(figs. 4, 5). (See also Leitgeb's fig, 10, pL j.) During the 
later stages of this division and in the newly formed daiigliter 
cells the chloroplasts form two opaque masses (enclosing the 
nuclei) on opposite sides of the median part of the cell plate. 
In the end portions of the cells are many small refractive color¬ 
less bodies which exhibit a vigorous Brownian movement and 
to which is imparted a dark color when the ‘"spore” is thrown 
into a fixing solution containing osmic acid. 

A few sporogones from the same culture were fixed the same 
day, imbedded in paraffin and sectioned in the usual way. 
These showed, in different sporogones, spore mother cells in 
which the riiicleiis had not yet divided, one-celled spores, and 
two-celled “spores. ” Some of the one-celled spores show various 
stages of the first nuclear division but none were found to show 
satisfactorily the formation of the cell plate. The achromatic 
spindle of this mitosis is long and slender with its long axis 
coincident with the long axis of the spore. It would be inter¬ 
esting to know the changes which intervene between this nuclear 
division and the formation of the cell plate which divides the 
spore into two cells. 

The second division occurs simultaneously in the two sister 
cells and divides each of them transversely (fig. 6). Stained 
sections show that the achromatic spindle is longitudinal and 
is followed by a cell plate transecting its longitudinal axis as 
is usually the case in plant cells. Three of the cells resulting 
from the second division are about equal in size and are filled 
with chloroplasts, but the fourth is smaller and contains only 
a few chloroplasts (figs. 6-9). This latter cell is closely analag- 
ous in form and function to the “bavsal cell” in the “spore” 
of PeUia epiphylla described by Hofmeister (’51) and its position 
with reference to the other “spores” of the tetrad and with ref¬ 
erence to the direction of growth shows further the appropriate¬ 
ness of this name. 

Soon after the beginning of the four-celled condition of 
the “spore” the tetrads may be obtained by gently opening* the 
sporogoiie in water. These tetrads show clearly that the basal 
cell of each “spore” is in contact with that of each of the other 
three of the tetrad (fig. 7). This is evident also in stained 
sections of sporogones at all stages of development after the 
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early propliases of the second division of the '‘spore.” The 
area of the "spore’s” surface held in contact with its tetrad 
sibs is at or near the end, but oblique to the long axis of the 
"spore’h (fig. 7). 

The basal cell undergoes no further division although it 
enlarges considerably. The third division occurs almost simul¬ 
taneously in the other three cells (fig. 10 ). The stained prepara¬ 
tions show in some cases a slight advance of the mitosis in the 
terminal cell over the mitoses in the two median cells. This 
division in the two median cells is always transverse, parallel 
to the plane-of the preceding division. The terminal cell divides 
sometimes parallel to and sometimes at right angles to the 
plane of the preceding division (fig. 10 ). (figs. 9 and 10 repre¬ 
sent "spores” from the same sporogone examined February 9 .) 

The "spore” remains subcylindrical in shape and the first 
three divisions are all visible from one side of the "spore” 
(fig. 10 ). In sporogones whose setae had begun the rapid 
elongation which normally precedes the discharge of the "spores” 
the latter consisted of about a dozen cells each. I am unable 
to say with certainty whether or not all of the six cells formed 
by the third division had divided, but in some cases, at least 
five of them had done so. In the cells of the median portion 
of the "spore” this division is at-right angles to all the pre¬ 
ceding divisions (fig. 13 ) but in the terminal cell the dividing 
septum intersects only the last previous septum and the free 
outer surface of the cell (figs, ii, 12 ) as is typical of the divisions 
of the apical cell in the older plant. When such a "spore” is 
viewed in the plane of the earlier divisions these walls are 
distinguishable by their relative optical thickness (figs. 11 , 12 ). 
In these figures the line 1........1 represents the first division 

wall, 2 . .,2 the second, the third, and 4.. . 4 the fourth 

in the terminal cell, the fourth division in the cells of the median 
portion of the “spore” being in the plane at right angles to 
these and visible only when the "spore” is rotated on its long 
axis through 90 *^ (fig. 13 ). , 

Beginning in the four-celled condition of the "spore” the 
exospore adheres to the "spore” and is noticeable on the living 
"spore” chiefly by the echinate thickenings on the surface. 
The exospore covers the entire surface of the "spore ” except 
that portion of the basal cell which remains in contact with the 
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Other spores’’ (figs. 7-10). This exospore expands as the 
''spore” enlarges and its presence becomes more and more 
difficult to detect, especially on the surface of the terminal 
region, as in Riccardia (Clapp’s figs. 61 y 62). 

When "spores” of the condition represented by figs. 11-13 
are placed in water culture the basal cell soon gives rise to a 
rhizoid. Fig. 14 represents such a spore after twenty-five hours 
in water culture; fig. 15 represents another spore from the same 
culture after fifty-four hours in water. The nucleus, chloroplasts 
and most of the granular cytoplasm of the basal cell pass into 
the rhizoicL 

Unfortunately the paucity of material of this species and 
the pressure of other duties did not permit me to follow the later 
stages of germination or to determine whether the cell designated 
a in FIGS. II and 12 continues to function as the apical cell or 
whether another cell may take that rfile. Leltgeb (’77) describes 
(his fi^g. I4y pi. 3) the apical cell as arising in this portion of the 
"spore,” but Muller (’66) says that rhizoids appear at the two 
ends of the "spore” and that the apical cell arises in the median 
portion (his7ig.s. 55-59, pL 38). It seems probable that a high 
degree of plasticity exists in these cells and that any one of them 
(excepting the basal cell) may be capable of functioning as an 
apical cell if the metabolic gradient be favorably altered by 
external conditions. 

If, as seems probable from these observations and from 
Leitgeb’s description of the later stages of germination, the 
cell designated a in figs, ii and 12 continues under normal 
conditions to function as an apical cell, we can hardly escape 
the conclusion that the spore itself is in effect an apical cell with 
its polarity fixed at the time of its formation from the spore 
mother cell. The examination of a large number of "spores,” 
both fresh and in stained paraffin sections, shows that the plane 
of the first division has a definite and constant relation to the 
point of attachment of the spore to its tetrad sibs, and therefore 
to the plane of the division of the spore mother cell by which 
the spore is .formed (figs. 7-10). The succeeding divisions 
(2... .2, 3. . . .3, and 4. .. .4, FIG. Ii) follow the order charact¬ 
eristic of the apical cell of the Anacrogynae. There is one point, 
rather insignificant it seems to me, which may constitute an 
.objection, tO' this'hypothe,sis. The;second and ,thirdsegments 
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are in some cases given off from the same side of the apical cell 

(fig. 12 ). 

It is not possible to say from my observations what part 
of the apparent polarity of the spore is conditioned by factors 
external to the protoplasm and what part to internal factors. 
Here again further study may yield interesting results. 

Department of Botany, 

University of Wisconsin 
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Explanation of plate 5 

All figures were drawn with the aid of the camera lucida from living 
material mounted in water; at a magnification of about 630 diameters, excciU; 
the last (FIG. 15) which was drawn at about 490 diameters; reduced in re¬ 
production about 2/5. 

Fig. 3. Spore mother cell from sporogone grown in greenhouse, examined 
and drawn Jan. 18, 1924, Achromatic spindle and adjacent parts of cell and 
the outline of the entire cell copied as accurately as possible. Chloroplasts 
ill terminal part of lobe at the left filled in diagrammatically. 

Fig. 4. Spore from sporogone grown in greenhouse, examined and drawn 
Jan. 18, 1924. The first division is in progress, as nearly an optical section as 
could be obtained with the camera lucida. 

Fig. 5. '‘Spore” once divided, from same sporogone as that represented 
in FIG. 4 and similarly drawn. 

Fig. 6. Living "spore” from sporogone grown in greenhouse, examined 
and drawn Jan. 28, 1924. 

Fig. 7. Living "spore” still attached to its tetrad sib, from sporogone 
collected in Forit de Soigne, examined and drawn Feb. 12, I924, 

Fig. 8. Living "spore” from greenhouse culture, e.xamined and drawn 
■Feb. 2, 1924. 

Figs. 9, 10. Living "spores” from same sporogone grown in greenhouse, 
examined and drawn Feb. 9, 1924. 

Figs, ii, 12, Outlines of living "spores” from same sporogone grown in 
greenhouse culture, examined and drawn Feb. 26, 1924, just before the time 

of dissemination. The line i_i represents the plane of the first division; 

2,.. .2 that of the second; 3-3 that of the third; and 4.,. .4 that of the 

fourth division in the temiinal cell. The basal cell 5 formed by the second 
division has undergone no further division. 

Fig.' 13*. .Outline of living, "spore” from same sporogone as .those in 
FIGS. II and 12, "spore” rotated 90° showing fourth division in cells of median 
portion. ’ ' 

Fig., 14. Living "spore”'after twenty-five'hours iri'water culture. .The 
basal cell (&) has begun to elongate to form a rhizokU 
'■ ' Fig, 15. Living "spore”'after fifty-four, hours'in water culture. ' ',■,: 






Anomalies in maize and its relatives—01 
Carpellody in maize 

Paul Weather wax 


(with ten text-figures) 


Two strains of corn, received in the spring of 1923 from 
P. C. Mangelsdorf, have a type of “defective” grain whose mor¬ 
phology has apparently not yet been described. The anomaly 



originated independently in two inbred 
lines of ordinary field corn, and is in¬ 
herited as a recessive plant character. 
Tv/m generations of plants have been 
grown from these seeds, and ail evi¬ 
dences indicate that the peculiarity is 
due to the metamorphosis of rudiment¬ 
ary stamens of the female flower into 
imperfectfy formed pistils.*^ 

The resulting structure has the ap¬ 
pearance of a very slender grain of the 
“shoe-peg” type (figs, i and 2). At 
maturity it resembles the empty shell of 
a small normal grain; but examination 
during development show^s merely a lat¬ 
eral sinus, and no true ovarian cavity 
formed by infolding or invagination {OS, 
FIGS. 4~6 and 10). The enclosed cavity 
( 5 C, FIG. 10) is formed by the breaking 
down of the parenchyma of the interior 


Fig. I. An ear of maize 
with “defective” grains, 

'X'H> 


late in development. The ovary-like 
portion is surmounted by a style, often 
as much as 8 or 10 cm. long. The dis¬ 
tal portion of this style is stigmatic and 


often simple in structure, having but a single vascular strand 
and ending in a single tip. Its basal portion, however, is usually 
duplex in structure, like a normal /'silk” (figs. 8, 9). Whether 


or not this indicates a homology between this organ and the 


* This occurrence is commonly known as pistillody, but catpellody seems 
to be a better designation, at least in this instance. See Worsdell, W. C 
Principles of plant teratology 2 l 182-186. London, 1916. 
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normal style is not evident at present. This style is often accom¬ 
panied by one or more, shorter, filiform appendages without 
vascular bundles or stigma hairs (T and LX, figs. 7 and 8). 

In most of the cases examined only one of the lateral rudi¬ 
mentary stamens was metamorphosed (figs. 4, 5); but in a very 
considerable number both were affected (fig. 2), and in a few 



Fig. 2. IMature normal grain with two “defective” grains, X 5. 

Fig. 3. Flower with three carpellodia, near the time of fecundation, 
X 12. 0 , ovary; CC, carpellodia; 5 , dorsal rudimentary stamen. 

flowers the dorsal member also (fig. 3). In no case observed 
was the dorsal stamen alone metamorphosed. Spikelets showing 
all these degrees of metamorphosis of the rudimentary aiidroe- 
cium were commonty associated on the same ear with numerous 
spikelets having normal pistillate flowers (fig. i). 

These transformed structures seem to be stimulated to full 
development by’ fecundation in the ovary^ at whose buvse tliey^ are 
attached. None have been found except in the upper (func¬ 
tional) flower of the spikelet. They approximate normal grains 
in length only when fecundation has occurred and a normal vseed 
has developed in the ovary^ of the same flower. This indicates 
that pollination has an essential but indirect effect in the de¬ 
velopment of the anomaly. 

No attempt has been made to pollenize the '‘silks” of these 
supernumerary carpels; and, because of their structural limita¬ 
tions, it was obviously^ not necessary to subject the fully devel¬ 
oped “defective” grains to germination experiments. 

A case similar to this, but in the wheat plant, has been re¬ 
ported by. Leighty and;Sando.*’■ Here the character is ap- 

;* Leighty, C. E. and Sando, W. Pistillody in wheat'flowers*, Jour. 
Hered. 15 : .263-268../. I5,t< 5,. ' .i924," ' ' _ 
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parentl}'' not hereditary. Otherwise the two characters are 
much alike, in so far as they have been exaniineda even to the 
duplicate nature of the style in some cases, and the indirect 
influence of fecundation. 

In the light of Miss Walker’s theory'^ as to the co nstitution of 
the gynoecium of some grasses, the failure of these modified 
organs to develop into functional pistils might be attributed to 



Figs. 4 and 5. Transverse sections of a pistillate spilcelct, having one 
carpellodium, X 15. Fig. 4 is through the upper part of the ovary; Fig. 5 
is through the receptacle of the flower. GG, glumes; L>L^ hmmas; PP, 
paleas, that of the lower (aborted) flower being two-lobed; 0 , owary of the 
functional pistil; C, carpellodium; BC, base of carpellodiuin at glace of at¬ 
tachment to receptacle; 05 , ovarian sinus; P, receptacle of flower; 55 , posi¬ 
tions of the tw^o unchanged rudimentary stamens. The vascular tissue is 
showm in black. 

the fact that they consist of single carpels, while th.e true pistil 
is tricarpellary. But this would not explain the carpellodia in 
maize having duplex styles, or those in wheat having two styles. 
It was thought that in maize the duplex carpellodLa that occur 
might be the result of the fusion of pairs of organs' ia develop¬ 
ment; but in every such case examined,'the other two stamens 
could be accounted for ( 55 , fig, 5). Therefore, unless the 

* Walker, Elda' R. On the structure of the pistils /of ''some grasses. 
.IJniv. Nebraska Studies 6 : 203-2i'8. pL is* 1906, . 
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Figs. 6 -g. Transverse sections through a carpellodium at different 
levels, X 15. Figs. 6 and 7, the lowest sections, show the ovarian sinus, OS; 
FIGS- 7 and 8 show the formation of two lobes, L and LL, the former disap¬ 
pearing below the level of fig. 8, and the latter below the level of fig. 9. 
The section of the stylar portion (fig. 9) is almost indistinguishable from that 
of a normal style. Fig. 10. Transverse section of a matured ‘‘defective” 
grain, X 15. The cavity in this structure, SC, is schizogenous in the paren¬ 
chyma; the ovarian sinus, OS, corresponds to the true ovarian cavity. 

double vascular systems and other duplex characteristics of 
these carpellodia be regarded as false suggestions of homology, 
a serious inconsistency is yet to be eliminated. 

Indiana University, 

Bloomington, Indiana 
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Studies on the flora of northern South America—V * 


H. A. Gleason 

Miscellaneous New or Noteworthy Species 

The herbarium of the New York Botanical Garden contains 
thirteen species of Dioscorea from British Guiana and about as 
many more have been reported in literature. Among our 
thirteen are three undescribed species and one which requires 
a new name. 

Dioscorea lanosa n. sp. Stem herbaceous, twining to the 
left, sparsely and finely villous near the nodes; petioles channeled 
above, thinly villous, 25-30 mm. long; leaf-blades elliptic from 
a cordate base, the largest 95 mm. long and 57 mm. wide, ex¬ 
cluding the basal lobes, which are 7-8 mm. long, broadest near 
the middle, abruptly acuminate into a short point, glabrous 
above, thinly villous beneath, especially along the primary and 
secondary veins, y-nerved, the first, second, and third conSuent 
at the apex, the fourth and fifth arcuately spreading and extend¬ 
ing to or beyond the middle of the leaf, the sixth and seventh 
barely surpassing the basal lobes, bifid or usually trifid near 
the base; pistillate spikes not seen; staminate spikes single or 
paired in the axils, imbranched, 10-17 cm. long, the rhachis 
strongly angled, thinly but conspicuously villous; flowers in 
clusters of two to five; pedicels 2-4 mni. long, angled, recurved- 
spreading, densely villous, each subtended by an ovate-triangular 
long-acuminate bract, which is pubescent on the back and thinly 
wing-margined; perianth campanulate, about 1.5 mm. long, 
weakly angled or nearly terete, the lobes united for two fifths of 
their length, oblong-ovate, acute, densely villous without, 
glabrous within; stamens 6, inserted at the base of the perianth- 
tube and about equaling it in length; filaments erect and con- 
nivent at base, abruptly spreading near the slightly enlarged 
apex; style-rudiment apparently none. 


* Coatribiitions from the New York Botanical Garden, no. 271. 
[The Bulletin for April (52: 119-180) was issued 18 May 1925.] 

■i8r 



182 BULLETIN OF THE TORREY CLUB [vOL. 52 

Type, La Cruz collected along the Waiiama River, 

Northwest District, lat. 7° 45' N., long. 60® 15^ W., and deposited 
ill the herbarium of the New York Botanical Garden. 

Dioscorea lanosa is closely related to D. pilosniscula Bertero, 
and is distinguished from it by the prominent basal sinus of 
the leaf, the fourth and fifth veins arcuately spreading, the acute 
lobes of the perianth, and the villous rhachis. 

Dioscorea oblonga n. sp. Stem herbaceous, angled, glabrous, 
twining to the right; petioles about 5 cm. long, minutely ver- 
rucose; leaf-blades broadly cordate-triangular with a deep basal 
sinus, the largest 10 cm. wide, sharply acuminate, glabrous, the 
basal lobes broadly rounded with a broad obtuse sinus, first, 
second, and third veins extending to the apex, fourth and fifth 
arcuately spreading and reaching past the middle of the leaf, 
sixth and seventh conspicuously bifid and not extending beyond 
the basal lobes; staminate spikes in a loose panicle, paired or 
occasionally single, slender, unbranched, 9-12 cm. long; bracteai 
leaves ovate-lanceolate, truncate at base, long-acuminate, 10- 
25 mm, long, 2-12 mm. wide, on petioles 2-10 mm. long; rhachis 
strongly angled or narrowly winged, glabrous or minutely 
scabrellate on the angles; flowers sessile in small capitula sub¬ 
tended and about equaled by ovate-lanceolate acuminate bracts; 
perianth subglobose, about 1.5 mm. long, deeply 6-lobed, 
glabrous, the lobes round-ovate, obtuse, i-nerved, very thin; 
stamens 3, the stout filaments about as long as the perianth- 
tube, divergently branched above, marked with red at the apex, 
each branch bearing an anther-sac; staminodia 3, slender, Y- 
shaped, about equaling the filaments; pistillate spikes solitary, 
axillary, 8 cm. long, narrowly winged, glabrous; bracts linear- 
subulate, 2.5 mm, long; ovary narrowly fusiform, 4 mm. long, 
with 3 narrow wings and 3 thick lobes, minutely rcxl-dotted; 
corolla subglobose, i mm. long; styles 3, short, coiinivent, with 
divergent stigmas; fruiting spikes becoming 3 dm. long; fruit 
reflexed, as much as 28 mm. long, the wings semi-obovale-obloiig, 
9 mm. wide, broadly triangular at apex. 

Type,, Hitchcock 17559, collected at Issorora, Aruka River, 
lat. 8® 10^ N., long. 59*^ 50' W., and deposited in the herbarium 
of the New York Botanical Garden. 

D. oblonga is most closely related to Z>. polygonoides & B., 
from which it is well differentiated by the much longer and more 
pointed fruit. 

Dioscorea trichantliera n. sp. Stem about 2 m. long, aiigulate, 
glabrous, or minutely puberulent, twining to the right; petioles 
slender, 45-60 mm. long, mostly glabrous or more or less puberu- 
ient near the base and the dorsiventrally flattened apex; leafi 
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blades broadly ovate-triangular to ovate-oblong, 55-100 mm. 
long, 33-58 mm. wide, exclusive of the basal sinus 10-22 mm. 
deep, thin and membranous, glabrous above, slightly paler 
beneath and sparsely hirsute with curved, nearly appre^sed 
hairs. 0.3 mm. long, or varying to nearly glabrous, abruptly 
narrowed at the apex into a narrowly triangular acumen 4-10 
mm. long, sparsely glandular near the base, pellucid-lineate, the 
basal sinus rounded, the basal lobes broadly rotund; second and 
third A'eins arcuatety ascending and entering the apex, fourth 
and fifth divergently spreading and extending one third to one 
half the length of the blade, sixth and seventh not passing beyond 
the basal lobes, simple, or in the largest leaves inconspicuously 
bifid, nearly parallel to the margin; pistillate inflorescence not 
seen; staminate racemes single in the axils of the upper leaves, 
unbranched, 10-20 cm. long, the rhachis angled, thinly to rather 
densely short-villous or subhirsute, floriferous from near the 
base; pedicels single or paired, 1-2 mm. long, hirsute; bracts 2, 
ovate, acuminate, glabrous, the lower somewhat the larger and 
equaling or exceeding the pedicel; perianth-tube very short; 
perianth-lobes widely spreading, 3 ■ mm. long, i mm. wide, 
rather thick, oblong, acute or obtusish, glabrous within, glabrous 
or sparsely pilose with a few short hairs without; stamens 6; 
filaments 2 mm. long, terete below, laterally flattened at the 
apex, incurved, the basal third adnate to the perianth and twice 
as thick as the distal two thirds; anther-sacs elliptic, introrse 
more or less pubescent on the inner face; style-rudiment I, 
broadly ovoid, blunt, shallowly 3-lobed. 

TyperGleason 804, dry sandhills east of Rockstone, deposited 
in the herbarium of the New York Botanical Garden. Other 
sheets referred to this species are Gleason 67, Tumatumari; 
La Cruz 2igo^ 2232, and Lang ^26^ upper Mazaruni River; 
Jenman 5<?oo, Mazaruni River; Jenman 4736^ Bartica; La Cruz 
2646, Malali, Demarara River. 

The sheets cited show a considerable degree of variation in 
the length of the pedicel and in the amount of pubescence on 
the lower leaf-surface, rhachis, pedicel, and anthers, but I have 
found no definite structural characters upon which to base a 
division'of the. species. 

The twm collections of Jenman have been distributed under 
the name D, piperifolia Willd. Kunth pointed out in his Enum¬ 
eration in 1850 that this name has been applied to various dif¬ 
ferent species, including D. polygonoides H. & B., Helmia mona- 
delpha Kunth, and several species of Grisebach’s section 
trosteman. All of these differ radically from our species in the 
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structure and position of the stamens or the shape of the perianth. 
Our species finds its proper position in Grisebach’& section 
Epistemon, near the Brazilian D. dodecaneura Veil. Among the 
species of this section, it is distinguished by its pubescent, glandu¬ 
lar, punctate-lineate leaves, its simple, pubescent racemes, and 
its pubescent anthers. 

Dioscorea megacarpa n. nom. {Dioscorea truncata ‘‘Miq.,” 
Schomb. Faun. & FL Brit. Guiana 899. Nomen nudum. 1848. 
.Dioscorea truncata Prain, Kew Bull. 1916: 194. 1916. Not D* 
truncata Miq. Linnaea 18: 23. 1844.) 

It is probable that the nomenclatorial confusion which has 
surrounded this species is due to a peculiar oversight in, the 
Index Kewensis, which omitted all reference to Miquel’s species 
of 1844. Miqiiel’s name was applied to Focke 618, from Surinam, 
a plant with deeply 5-lobed leaves, regarded by Pulle as not 
distinct from D. trifida L. f. The name was erroneously applied 
by Schomburgk to his number 224, but without description. 
The description was supplied, and the name first validly pub¬ 
lished in this sense, in 1916 by Sir David Prain, who also gave 
a full history of the species and excellent critical notes on its 
relationships. 

The type of D. megacarpa remains Schomburgk 224, in the 
herbarium of the Royal Botanic Garden at Kew, where it is 
also represented by Sagot 860 and Jenmati 1701. To these may 
now be added two collections from British Guiana of more 
recent date, La Cruz 2123, from the upper Mazarivni River, 
and La Cruz jjSo, from the Barima River, lat. 8° 20' N., long. 
59° 50^ W. The former exhibits mature fruit of the typical 
oblong-obovate shape and as large as 50 by 27 mnu 

It may be noted that a still more recent use of the name D. 
truncata by Dr. H. PL Rusby for a Colombian species is of course 
invalid. 

Vernonia trichoclada n. sp. Lepidaploa scorpioideae foliatae; 
plants gregarious, 12 dm. high, herbaceous or suffruticose; stem 
ascending or erect, simple to the inflorescence, nearly terete, 
densely and persistently clothed with pale brown, spreading or 
somewhat deflexed hairs 1.5-2 mm. long, the internodes mostly 
4-6 cm. long; petioles 5-7 mm. long, pubescent like the stem; 
leaf-blades thin, narrowly oblong-elliptic, lO-ii cm. long by 
28-30 (rarely 34) mm. wide, gradually tapering or subacumin¬ 
ate to the apex, broadest at or slightly below the middle, broadly 
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cuneate to the base, entire, above rugose with impressed veins, 
papillose-pubescent on the surface and densely so on the mid vein 
with hairs as much as i mm. long, beneath densely pubescent 
along the midvein with hairs like those of the stem and softly 
pubescent on the surface with similar hairs 1-1.5 long; 

lateral veins about 7 mm. apart, diverging at an angle of 70°, 
the veinlets conspicuously elevated and reticulate beneath the 
pubescence; inflorescence a sparsely branched panicle, 30 cm. 
high, 25 cm. broad as pressed, the branches pubescent like the 
stem, subtended by rameal leaves resembling the cauline and 
half as long, the internodes below the heads 5-7 cm. long; heads 
sessile, more or less secund, solitary, or the lower on each branch 
paired, separated by internodes 3 cm. long below, gradually 
reduced to i cm. above, or the uppermost heads approximate; 
bracteal leaves subtending .paired heads resembling the cauline 
in shape, but 3-2 cm, long, those subtending single heads linear 
or linear-lanceolate, 12-6 mm. long; involucre campanulate, 

9 mm. high; involucral scales about 45, loosely imbricate, 
appressed at the base or the covered portion, all but the inner¬ 
most irregularly curved-spreading or squarrose above, the 
outer linear-subulate, 3-4 mm. long, aristate, glabrous within, 
pubescent without with gray hairs nearly i mm. long, the middle 
narrowly ovate-triangular at base, acuminate from near the 
base to an awn one-half as long as the scale, villous, the inner 
narrowly ovate-lanceolate, broadest at one-third of their length, 
long-acuminate to an awn i mm. long, thinly villous, the inner¬ 
most 6-8 scales ovate-lanceolate, not awned, 8 mm. long, ap- 
pressed-pubescent; achenes 11,2 mm. long (immature), densely 
pubescent with ascending hairs; paleae 25-30, linear-oblong, 
0.7-0.8 mm. long, minutely pubescent and fimbriate-ciliolate; 
bristles about 65, brown, slender, minutely pubescent, 6 mm. 
long; corolla white, the slender tube 2.7 mm. long, 0.6 mm. 
wide at the throat, the lobes linear-oblong, 2.8 mm. long, 0,5 
mm. wide, acute, minutely pubescent at the apex; andiers 
linear, 2.1 mm. long, the basal appendages narrowly triangular, 
acute, 0.4 mm. long. 

TyperMachnde $ 775 ^ collected at the Hacienda Schunke? 
La Merced, Peru, alt. about 4000 feet, Aug. 27-Sept, i, 1923, 
and deposited in the herbarium of the Field Museum (duplicate 
in herb. New York Botanical Garden). 

V, trichoclada appears most closely related to F. mapirensis 
Gleason, of and resembles it very closely in general habit and 
leaf-form. It differs, however, in its more densely pubescent 
stem with reflexed hairs, in the quantity and kind of leaL 
pubescence, in the larger, more villous involucre, in its squarrose 
scales with longer aristae, and in the smaller number of flowers 
in. each'head. 
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Vernonia fiexipappa n. sp. Stems and branches closely and 
densely pubescent when young with dark brown hairs, becoming 
glabrous with age; petioles slender, closely pubescent, 5 mm., 
long; leaf-blades firm, lance-oblong, 50 mm. long, 15 mm. wide, 
or the upper smaller, broadest near the middle, sharply acuminate 
at both ends, entire, minutely puberulent above, ^coming gla- 
brous in age, somewhat revolute, silvery beneath with close, very 
fine tomentum, through which appear appressed brown hairs 
0.3 mm. long, veins obscure above, the laterals prominent 
beneath, about 6 pairs, arising at an angle of 45° and gently 
curved-ascending, the veinlets concealed; heads i-flowered, 
sessile, closely crowded in a terminal, freely branched cluster 
5-10 cm. across as pressed and leafless, except at the base of the 
principal branches; involucre narrowly campaniilate, 5 mm. 
high, its scales about 10, deciduous, regularly appressed and 
imbricate, strongly curved around the achene, thinly pubescent 
on the back, the outermost 2.5 mm. long, obtuse, the inner 
progressively longer and sharper, the longest 4.5 mm. long, 1.3 
mm. wide; corolla-tube terete, 2.7 mm. long, 0.5 mm. in diameter, 
its lobes linear-oblong, acutish, 2.7 mm. long, 0.5 mm. wide; 
anthers vernonioid, 3 mm. long, including the basal and apical 
appendages; pappus-bristles pale tawny, 7 mm. long, about 50, 
fragile and easily detached, with a prominent U-shaped curve 
about I mm. from the tip; a few outer bristles one-half to one- 
third as long, straight and slender; achenes 2.5 mm. long, dark 
brown, nearly terete, minutely resinous. 

Type, 2250, collected at Loja, Ecuador, and deposited 

in the herbarium of the New York Botanical Garden. A second 
sheet in the same herbarium is Andre K 1152^ labeled “Loja- 
Zamora, 1876.’^ The species evidently belongs to the section 
Critoniopsis, as shown by its i-flowered heads, its deciduous 
involucral scales, and essentially uniseriate pappus. 

Vemonia trilectorum n. sp. Stem shrubby, finely striate, 
very densely and closely short-pubescent or subvelutioous with 
dull brown hairs, the same integument covering the inflorescence, 
petioles, and principal veins of the leaves; petioles slender, about 
10 mm. long; leaf-blades firm, dark green, elliptic-oblong, 9-11 
cm. long, 4-5 cm. wide, broadest near the middle, broadly 
cuneate at base, entire, tapering regularly to a subacumm'ate 
tip, upper surface very thinly pubescent with brownish, slender, 
appressed or ascending hairs 0.1-0.2 mm. long, set 0.1-0.2 mm, 
apart, becoming nearly or quite glabrous in age, lower surface 
similarly pubescent, especially along the veins and veinlets; 
lateral veins conspicuous beneath, 6-9 mm. apart, arising at an 
angle of 60"^, gently curved-ascending, the veinlets reticulate; 
rameal leaves subtending the principal branches of the inflores- 
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cence similar, but smaller and narrower, the uppermost only 
4 by 20 mm.; inflorescence a freely branched corymbiform 
cluster, 2 dm. in diameter as'pressed; heads 2i-flo\vered, sessile, 
bractless, 3-5 mm. apart, or the lower more distant; involucre 
campanulate, 4.5 mm. high; scales about 45, erect or the outer 
barely spreading when pressed, loosely imbricate, the outer¬ 
most narrowly triangular-subulate, i mm. long, prominently 
carinate, densely villous throughout, the inner progressively 
longer, carinate only at the apex, the innermost narrowly iance- 
oblong, acuminate, not carinate, thinly pubescent; corolla pink, 
the tube relatively stout, scarcely ampliate, 3 mm. long, the 
lobes erect, acute, narrowly triangular, 1.6 mm. long; anthers 
2.3 mm. long; style-branches slender, tapering, pubescent 
externally; achenes 2 mm. long, ‘strongly angled, pale brown, 
densely sericeous with white ascending hairs about 0.2 mm. 
long; pappus dull brown, the bristles fragile, 4.5 mm. long, 
slender, rather prominently pubescent, the paleae linear-oblong, 
o. 5*-0.6 mm. long, conspicuously ciliate-fimbriate. 

Type, Pennell, Killip, Hazen 8556, collected in thickets at 
Cuchilla, east of Zarzal, Dept. El Valle, Colombia, ait. 1200- 
1600 m., 22 July 1922, and deposited in the herbarium of the 
New York Botanical Garden. Other collections from El Valle 
are Pejinell, KtJhp, Hazen 8555, same place and date as the 
type, Pennell, Killip, Sf Hazen 84Qg, open valley, Quebrada 
Nueva to Cuchilla, alt. 1100-1300 m., 21, 22 July, 1922, and 
Killip 11,232, woods along stream, ^‘Calima,’^ on Rio Calima, 
14, 15 Sept., 1922;—Dept. Caldas: Pen?iell, Killip, Sf Hazen 
86g2, stream-bank, Rio Quindio, above Armenia, alt. 1300-” 
1500 m., 25 July 1922;—Dept. El Cauca: Pennell Sf Killip 
6jy8, thicket growth (‘‘machimbi”)) Cuatro Esquinas to Rio 
Piendamo, alt. I700-“I900 m., 6 June 1922, Killip 68g2, woodland, 
Coconiico to Popayan, alt. 2000-2500 m., 18 June 1922, Pennell 

Killip 7248, o^k grove, east of Rio Ortega, alt. 1600-1700 
m., 27 June 1922, and Pennell & Killip 8073, w’'OodIand, Rio 
Ortega to “El Ramal,” alt. 1900-2200 m., 2 July 1922. 

The description above has been drawn from the type exclu¬ 
sively. Of the other eight specimens, five agree with the type 
in all essential features, differing only in minor matters, such 
as the size of the inflorescence and the dimensions of the leaves. 
In 68g2 and 8075, the paleae are linear and i mm. long. In 
'855s 3,nd 8075, the leaves are persistently softly pubescent 
beneath with slender hairs 0.7 mm. long. 

' ■' Vemonia ■ Pennellii n. ■ sp. Stem and' branches' terete,' finely 



i88 


BULLETIN OF THE TORREY CLUB 


[vOL. 52 


striate, densely and softly pubescent or almost velutinoiis with 
olive-brown hairs; petioles 12 mm. long, pubescent like the stem; 
leaf-blades thin, dull green, narrowly ovate-oblong, obtuse or 
broadly acute at base, entire,' gradually narrowed from below 
the middle to a subacuminate tip, the upper surface very thinly 
and softly papillose-villous when young, becoming glabrous and 
rugose at maturity, the lower surface permanently softly villous 
with very slender hairs 1-1.5 mm. long, lateral veins impresssed 
above, prominent beneath, from 5 mm. apart near the base to 
15 mm. toward the apex, ascending at an angle of 60°, gently 
curved, extending almost to the margin, the veinlets prominently 
reticulate; inflorescence terminal and from the upper axils, 
compound, freely and repeatedly branched, 20 cm. wide as 
pressed, the axes more or less zigzag, the internodes successively 
shorter distally, the nodes normally bearing i terminal head and 
2 sympodial branches or 2 heads of different age and i sympodial 
branch; heads very numerous, sessile, 9-flpwered; involucre 12 
mm. high, its scales about 24, all straight, erect, long-acuminate, 
loosely imbricate, somewhat spreading when pressed, the outer¬ 
most narrowly triangular, pubescent, 2 mm. long, the inner 
linear-oblong or linear-lanceolate, pubescent on the exposed 
surface, densely so toward the apex, the innermost ii mm, 
long, 2 mm. wide; corolla glabrous, pale pink, the tube 6 mm. 
long, gradually expanded above the middle to o.§ mm. in diam¬ 
eter at the throat, the lobes linear-oblong, 3.3 mm. long; anthers 
3.7 mm. long, including the basal and apical appendages; style- 
branches 2.5 mm. long, gradually tapering, pubescent externally; 
achenes (immature ?) stout, 1.6 mm. long, densely sericeous; 
pappus white, the paleae about 15, 1.8 mm. long, 0.2 mm. wide, 
acuminate, minutely i-nerved and ciliolate, the bristles about 
60, strongly flattened, somewhat twisted, minutely pubescent, 
8 mm. long, o.i mm. wide. 

Type, Fennell 2642, collected in a clearing on a bushy slope, 
Tequendama, Dept. Gundimarca, Colombia, alt. 2500-2700 111., 
28 Oct. 1917, and deposited in the herbarium of the New York 
Botanical Garden. The specimen consists of two floriferous 
branches from a shrubby vine. The largest leaf subtends a lower 
branch of the inflorescence and measures 170 by 55 mm.; the 
next leaf above it is 145 by 48 mm., and the upper bracteal 
leaves are much reduced. The species bears no resemblance to 
any of the other Colombian species known to me. 

^ spinulosa n..,sp, ’■■Stem herbaceous, finely'striate, 

minutely villous above, becoming glabrous below, simple at the 
base, with several straight, leafy, ascending, floriferous, axillary 
branches above, the internodes 2-3 cm. long; petiole none or 
not'exceeding'.I mm. in,length and 'tomentose;leaf-blades thick 
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and firm, lanceolate, 35-40 mm. long, 7-9 mm. wide, long- 
acuminate to a sharp subulate tip, entire and frequently some¬ 
what revolute, abruptly rounded at base, upper surface dull 
green, somewhat rugose, pubescent when young, persistently 
scabreilate with the papillose hair-bases at maturity, lower 
surface dull gray, densely tomentulose and dotted with elevated 
black glands; lateral veins mostly 5 or 6 pairs, impressed above, 
inconspicuous beneath, ascending at an angle of 45°; inflorescence 
not differentiated; heads 6-flowered, sessile, solitary" or occasion¬ 
ally paired, erect or strongly ascending, partly axillary, partly 
supra-axillary 2-5 mm. above the node; involucre narrowly 
fusiform, 10-12 mm. high, 3 mm. in diameter; involucral scales 
about 14, appressed at base, curved-spreading and acuminate 
into a stiff spinulose apex, sparsely pubescent and ciliate on the 
exposed portion, glabrous on the covered base and inner surface, 
the outer lance-subulate, 6 mm. long, acuminate from below 
the middle, the inner progressively longer and oblong; receptacle 
with an annular elevation bearing 5 flowers and a central depres¬ 
sion with a single flower, glabrous; achenes linear-fusiform, 4 
mm. long, shallowly lo-ribbed, with a yellow cartilaginous base, 
densely hirtelious on the body with ascending hairs 0.3 mra. long; 
pappus biseriate, the outer paleae about 20, linear, 1-1.3 mm. 
long, contiguous at base, acuminate, finely pubescent on the 
outer surface, the inner bristles straight, slender, smooth, pale 
tawny, 6.5 mm. long, minutely clavate at the apex. 

Type, Pennell 4066, collected in a thicket at Sincelejo, Dept. 
Bolivar, Colombia, Jan. 26, iqib, alt. 250-350 m., and deposited 
in the herbarium of the New York Botanical Garden. 

The type specimen exhibits the top of a branching herbaceous 
plant, devoid of branches for 25 cm., and bearing 5 straight 
floriferous branches above, each 10-25 cm. long. Heads are 
developed at the base of all the rameal leaves and also on the 
opposite side of the axis, at a distance above the axil equal to 
one third of the internode. Later accessory heads also appear 
in the axils, but none has reached maturity in the type. The 
corollas were noted by the collector as red-violet in color, but, 
like many other species of the genus, the flowers have continued 
their development after collection and most heads contain only 
mature achenes. In the few cases where the corollas have per¬ 
sisted, the tube is slender, 4.5 mm. long, not ampliate above, 
and glabrous; the lobes and stamens have in every case been 
broken off, but the lobes were apparently minutely pubescent 
without. 

. ■ A second sheet, Pennell 4015, from,similar altitudes at Buena- 
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Vista, east of Since, Bolivar, is 'fragmentary, but exhibits a fcAV 
leaves on the basal portion of the stem. These are much broader 
than the rameal leaves of the type, and as much as 75 by 32 
mm. in size. 

Vernonia spintdosa is a member of the section Stenocephahmt, 
and is most closely related to V. jticunda Gleason, of Chiapas, 
Mexico. It is distinguished from the latter by its narrow 
rameal leaves, its thinner indument, its larger involucre, achenes, 
and pappus, and the position of the heads. 

Vernonia trichotoma n. sp. Arborescent, 6 m. tall; branches 
8-angled, closely ferruginous-tomentose when young, terete 
and persistently but very thinly tomentulose in age; leaves 
opposite; petioles 10-14 lc)ng, slender, channeled above, 

tomentulose; blades firm, oblong-lanceolate, 9-12 cm. long, 23- 
32 mm. wide, broadest near the middle, frequently somewhat 
falcate, tapering regularly to a blunt tip, entire, long-cuneate 
to the base, upper surface dark green, glabrous, shining, with 
finely reticulate, elevated veinlets, lower surface pale brown, 
densely and softly tomentose, the veinlets obscure; lateral veins 
diverging at an angle of 45°, strongly curved-ascending, the 
lower 2-3 mm. apart, the upper progressively wider spaced to 
I 3--20 mm.; inflorescence a compact, terminal, trichotomous, 
corymbiform cyme, 10 cm. wide as pressed, the lower branches 
subtended by foliage leaves, the upper bractless (one small 
bracteal leaf on the type), all closely tomentose; heads ii- 
flowered, on pedicels 3-7 mm. long; involucre campanulate, 8 
mm. high, its scales about 20, closely and regularly imbricate in 
3/8 phyllotaxy, erect, obtuse or rounded at the dark tip, densely 
villous without, sparsely villous within, the outermost minute, 
the outer broadly ovate, 2 mm. wide, the inner progressively 
longer and narrower, the innermost linear, 7 mm. long, i mm. 
wide; corolla white, the tube slender, terete, not ampliate above, 
3.3 mm. long, 0.5 mm. in diameter, the limb campanulate, the 
lobes divergently spreading and then curved-ascending, 3.5 mm. 
long, 0.7 mm. wide, narrowly elliptic-oblong, somewhat con¬ 
stricted above the base, prominently revolute, tapering to the 
acute apex, villous externally near the tip with hairs 0.3 mm. 
long; filaments flat, inserted on the throat of the corolla, glabrous; 
anther-tube pentagonal, 3 mm. long, glabrous, the 5 basal 
appendages triangular, 0.3 mm. long, the tips ovate-triangular, 
obtuse, 0.7 mm. long; style branches spreading, filiform, 2 mm. 
long, pubescent without, channeled within; achenes (immature) 
lO-angled, dark brown, 3.6 mm. long, minutely glandular; 
pappus biseriate, the inner bristles pale-tawny, 6.5 mm. long, 
minutely pubescent, the outer paleae similar, but only 2 mm. 
long. . 
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Type, Pennell & Kilhp 6^84, collected in the forest at 
“Canaan,” Mt. Purace, Dept. El Cauca, Colombia, alt. 3100- 
3300 m., June 11-13, 1922, and deposited in the herbarium of 
the New York Botanical Garden. 

In general habit, this species is reminiscent of Critoniopsis 
Lindenii Sch.-Bip., but differs in its much larger heads with ii 
flowers. It probably belongs to the section Critoniopsis, but 
in its present condition show^s no evidence of deciduous involiicral 
scales. 

Rapatea linearis n. sp. Acaulescent; leaves narrowly linear, 
I m. long, 10-12 mm. wide, bright green, glabrous; peduncle 
erect, i m. high, glabrous, flattened and prominently winged, 
increasing in width to nearly i cm. at the summit; bracts 2, 
reflexed, narrowly triangular, 7-11 cm. long, 2-3 cm. wide at 
the cordate base, tapering regularly to the acute apex, green, 
glabrous; head depressed-globose, 3-5 cm. in diameter, densely 
many-flowered; pedicels 3 mm. long, glabrous; bractlets about 
14, spirally imbricate, ovate-oblong, the outer 5 mm., the inner 

15 mm. long, glabrous, 3-7-nerved, the low'er half appressed from 
the broad base and scarious, the upper half green, outwardly 
curved and prominently spreading, long-acuminate into a 
subulate tip minutely spotted with purple; sepals 3, 7-nerved, 

16 mm. long, united into a tube and very thin and transparent 
for 6 mm., the distal 10 mm. stiff, coriaceous, glabrous, yellowish- 
green, narrowly triangular-lanceolate, tapering to a convolute 
subulate tip, spreading at anthesis; corolla-tube 10 mm. long, 
very thin and transparent, faintly nerved; petals 3, yellow, 
membranous, ovate, 12 mm. long, 7 mm. wdde, abruptly acumi¬ 
nate into a short tip, widely spreading at anthesis; stamens 6, 
inserted on the corolla-tube 1.5 mm. below its summit; filaments 
transparent, 1.5 mm. long, incurved and then erect; anthers 
linear-subulate, 5 mm. long, cordate at base, 2-ceIied, white 
below, tapering into a gently curved, yellowish-brown appendage, 
marked with a central, introrse, elongate cleft expaEding at 
its base into a circular pore; ovary subglobose, 3 mm. in diameter; 
style slender, 14 mm. long.' 

Type, La jpji, Gollected along the Wanama River, 
Northwest District, British Guiana, and deposited in the her¬ 
barium of the New York Botanical Garden ; a second collection 
is La Cruz 42pj, from Assakatta, Northwest District. 

Easily distinguished from R. paludosa Aubh, the common 
species of the Guianas, by its narrower leaves, shorter pedicels, 
and narrower, regularly tapering bracts. 
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Bihai sylvestris n. sp. Stems erect, 12 dm. high; leaf-sheaths 
glabrous; petiole of the uppermost leaf 5-20 mm. long, of the 
second leaf 20-50 mm., glabrous; leaf-blades green and glabrous 
on both surfaces, narrowly lanceolate, 25-51 cm. long, 3-8.5 
cm. wide, long-acuminate, rounded or subcordate at the base; 
peduncle exserted 11-33 beyond the uppermost leaf, straight, 
erect, glabrous or somewhat glaucous distally; bracts 5 or 6, 
widely spreading, linear, straight, glabrous, conspicuously 
glaucous, the lowest 13-18 cm. long and sometimes expanded at 
the apex into a flat, lanceolate-oblong lamina, the upper uni¬ 
formly reduced in length to 2-3 cm.; rhachis flexuous, glabrous, 
glaucous, the internodes 3-4 cm. long or the uppermost shorter; 
bracteoles glabrous, scarious, brown, 15-20 mm. long; flowers 
5-10 in each bract, on glabrous pedicels 1-2 cm. long; corolla 
scarlet, 5 cm. long. 

The herbarium of the New York Botanical Garden contains 
five specimens, all from forests or thickets at Tumatumari, 
British Guiana: Gleason 5, 82, 105 (type), and pjg, and Hitch¬ 
cock 17,347- 

Bihai sylvestfis seems to be most closely related to B. acumin¬ 
ata (Rich.) Kuntze, a common species in British Guiana, but 
differs from it and from the other species of the region in its 
shorter petioles, narrower leaf-blades broadly rounded at the 
base, and heavily glaucous bracts. 

Renealmia pedicellaris n. sp. Sterile stems 12-15 dm. high, 

1 cm. ill diameter, plagiotropic; leaf-sheaths strongly striate, 
somewhat reticulate, scabrellate on the ribs, the ligule rounded, 

2 mm. long, pilose with brown hairs; leaf-blade oblanceolate, 
48 cm. long, 8.5 cm. wide, abruptly acuminate, somewhat 
cartilaginous on the margin, tapering to an imsymmetrical 
base, glabrous on the surface, the short petiole (i cm. long) 
and lower part of the midvein more or less pubescent; flowering 
stems prostrate, 4-8 dm. long, the lower half sterile, bracteate, 
the bracts oblong, sheathing, covering two-thirds of each node, 
glabrat e below, pubescent at the tip; panicle narrowly oblong, 
the bracts, bractlets, rhachis, and pedicels pubescent; flower- 
clusters about I cm. apart, 3 ~ 5 -flowerecl; common pedicel 3-6 
mm. long; pedicels 1-3 cm, long, thickened distally, 3-5 mm, 
apart; fruit subglobose, blue-black, 10 mm. in diameter, strongly 
nerved, puberulent when young, becoming glabrous with age, 
9-seeded, each three seeds surrounded by a scarious aril; seeds 
brown, 3 mm. in diameter, calyx persistent, campanulate, 4-5 
mm. long, puberulent to glabrous, irregularly torn or with several 
short terminal teeth. 

Type, Gleason ij8, collected in dense upland forest, Turaatu- 
mari,'.'British' Guiana, and' deposited in the/'herbarium of'the 
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New York Botanical Garden. The bracts have mostly disap¬ 
peared, but are apparently linear-lanceolate and about 15-20 
mm. long. The bractlets are of the same shape, about lO mm. 
long, and much surpassed by the unusually long pedicels. 

Renealmia pedicellaris is apparently related to R. occidentalis 
(Swartz) Sweet and to R. orinocensis Rusby. From the former 
it differs in having fewer flowers in a cluster, on much longer 
pedicels; from the latter in its much shorter clusters. It may 
be still more closely related to R. florihunda K. Schum., and 
closely resembles the plate of that species in Flora Brasiliensis 
under the name R. occidentalis var. longipes Peters., but differs 
in its larger panicles and fruit and in its much more copious 
pubescence. 

Renealmia pilosa n. sp. Sterile plant 10-15 dm. high, with 
10-15 alternate leaves; leaf-sheath glabrous, striate, the ligular 
lobes truncate or rounded, 2 mm. wide, pubescent externally; 
leaf-blades sessile or on petioles 3-10 mm. long, oblong-lanceolate, 
51 cm. long by 8 cm. wdde, or smaller, abruptly acuminate, 
scarioiis on the margin, tapering at base, glabrous; flowering 
stems more than 4 dm. long; peduncle glabrous or finely and 
sparsely pilose, covered wdth erect, appressed, sheathing scales 
which are 10 cm. long, minutely pilose basally, and glabrous 
toward the apex; panicle 25 cm. long, the rhachis finely pilose; 
bracts narrowly linear-lanceolate, obtuse, pilose externally near 
the base, otherwise glabrous, the lower as much as 5 cm. long, 
the upper gradually reduced, the uppermost only i cm. long; 
clusters mostly 2-3-flowered, on a pilose common pedicel 3-10 
mm. long; bractlets broadly ovate-campanulate, i cm. long, 
pilose on the back near the base; pedicels 5-10 mm. long, nearly 
glabrous; ovary broadly ellipsoid, glabrous, 5 mm. long; calyx 
turbinate-campanulate, 6 mm. long, wdth 3 rounded lobes, 
pilose near the base, pubescent or subtomentose at the apex. 

Type, iJ. H. Smith 2318, collected at Don Amo, Santa Marta, 
Golombia, altitude 1600 feet, and deposited in the herbarium 
of the New York Botanical Garden. The collector notes that it 
is local in damp thickets and produces yellow flowers in June, 
followed by red berries turning black at maturity and with a 
strong fruity odor. Andri 2014, from Ibagu6, and 'Rmnell^ 
Killip, and Hazen 8313, from Cuchilla, Department of El Valle, 
may also,be referred here.ff 

Renealmia pilosa is obviously of Schumann’s series Scaposae, 
subseries Paniculatae, although the basal location of the in¬ 
florescence is not shown on the three specimens cited- Within 
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this groupj it is related to the Antillean R, cccidentalis (Swartz) 
Sweet, and apparently also to the Colombian R. Lehmannii 
K. Schum., which I have not seen. It differs from the former 
in its few-flowered clusters, and from the latter, according to 
Schumann’s careful description, in the conspicuous pilose pubes¬ 
cence of the rliachis, pedicels, bracts, and calyx. 

Ischnosiphon foliosus n. sp. Stem 6-9 dm. high, simple, 
leafless below, bearing leaf-scars above and at the summit about 
8 crowded leaves separated by internodes 3-4 mm. long; leaf- 
sheaths 7-10 cm. long, glabrous, the membranous margins 3 
mm. wide, tapering to the apex, not auriculate; petioles 11-40 
mm. long, the basal portion strongly angled, glabrous, the distal 
7-14 mm. somewhat swollen, terete, minutely roughened; leaf- 
blades ovate-lanceolate, 11-16 cm. long, 3.5-6.5 cm. wide, 
obtuse or rounded at the base, abruptly short-acuminate, 
the point somewhat excentric to the right, glabrous on both 
sides, midvein extending three-fourths the length of the blade, 
the lateral veins strongly ascending; inflorescence single from 
the upper axils; peduncle 8 cm. long, erect, strongly angled, 
glabrous; spikes 2, 7-12 cm. long, terete or nearly so; bracts 
appressed, cymbiform, embracing the rhachis, ovate, 30-35 
mm. long, acuminate, separated by infernodes 10-13 long, 
finely striate, glabrous; first and second bractlets linear-oblong, 
the third filiform, clavate-thickened at the apex, all 3 cm.long 
and equaling the linear glabrous sepals; capsule oblong-obovoid, 
2 cm. long, villous, especially at the summit. 

Type, Gleason f2i, collected in dense upland forest, Tumatu- 
mari, British Guiana, and deposited in the herbarium of the 
New York Botanical Garden; also Gleason igd, from the same 
locality. 

In several respects this species is remarkable in comparison 
with the other species of the genus. In its closely crowded and 
regularly distichous leaves it approaches J. Martianus, the only 
species hitherto described with such an arrangement. It differs 
from it in its petiole, which is callously thickened only at the 
summit, in its glabrous bracts, and in its proportionately wider 
and shorter leaves. In my dissections I have found but a single 
flower for each bract; if this character is constant, it is unique 
for the family Marantaceae. 

' Aframomum melagueta , (Rose.) K. ' Schum.' {Amomum 
melagueta Rose.). The type locality for this African species is 
British Guiana, whence specimens were sent by Parker a century 
ago. Recent collections (La Cruz 1148,1250, 3310,3327,4034) 



GLEASON: FLORA OF SOUTH AMERICA 


195 


1925] 

show that it is still widespread and perhaps naturalized in that 
country. 

Calathea cyclophora Baker. This species, based on 
Appun 252, from British Guiana, is represented in recent 
collections by Hitchcock 17,321 and Gleason 577 from Rock- 
stone, La Cruz 1322 from the Rupununi region, Lang 245 from 
the upper Mazaruni river, and La Cruz 2^13, 3127, and 3638 
from the northwestern coastal region. Schumann erroneously 
refers it to Mexico in his treatment of the genus in the Pflan- 
zenreich. 

Dupatya roraimae (Oliver) n. comb. 

Paepalanthus roraimae Oliver, Trans. Linn. Soc, IL 2: 286. 
pi, 4g BJ. 7-14, 1887. 

Dupata Karstenii (Ruhl.) n. comb. 

Paepalanthus Karstenii Ruhl., Pflanzenreich 4®®: 155. 1903. 
Pennell 2236 and 2683A, from paramos near Bogota, Colombia, 
have been tentatively referred to this species. 

Dupatya pilosa (H. B. K.) Kuntze. Holton 122, collected 
near Bogota, was referred to this species by Hochreutiner, and 
Pennell IQQ7, from the same vicinity, seems to be the same in 
all essential respects. Pennell 2074, also from paramos near 
Bogota, has shorter, more rigid, and more densely pilose leaves, 
bracts 3 mm. long, and petals of the pistillate flower oblong- 
oblanceolate and fully 2 mm. long. In the two sheets of D, 
pilosa cited above, the bracts are only 2 mm. long and propor¬ 
tionately much broader and the petals are broadly triangular- 
dilated above the narrow oblong base. Pennelbs specimen niay 
represent an undescribed species, but should be compared with 
Humboldt’s types before any final conclusion is reached. 

The genus Gnetum is represented in recent collections of La 
Cruz by three numbers, illustrating three distinct species, of 
which one is hitherto undescribed. They may be separated as 
follows: 

Veinlets (examined by transmitted light) conspicuously 
reticulate, the areoles a.2-0.3 mm. in diameter; leaves 
elliptic, broadest near the middle, broadly obtuse at 

base, rounded to an apiculate apex {La Cruz 43^1) ... G, pankuiatum Spruce 
Veinlets indistinct, not reticulate; leaves of an ovate 

type, broadest below the middle, more gradually 

tapering to an acute or abruptly acuminate apex. 
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Leaves elliptic-ovate, twice as long as wide, rounded 
at base; axis of the staminate inflorescence s ender, 
not swollen immediately above the insertion of 

the sporophylls {La Cruz JS22) . G. nodiflorum Brongii 

Leaves broadly ovate or subrotund, a third to a 
half longer than wide, broadly rounded or sub- 
cordate to an abruptly short-cuneate base; axis 
of the staminate inflorescence prominently swollen 
immediately above the insertion of the sporophylls, 
the latter borne on a horizontal disc {La Cruz 4222) G. Cruzianmn 

Gnetum Cruzianum n. sp. Stems woody, climbing 6 m.; 
petioles stout, 10-12 mm. long, strongly bicarinate above; 
leaf “blades broadly ovate or subrotund, as large as 13 cm. long 
by II cm. wide, coriaceous, dulbgreen above, brown-green 
beneath, glabrous, gradually rounded from below the middle to 
a subacuminate or triangular-apiculate apex, broadly rounded 
or subcordate below to a short-cuneate base; lateral veins 4 
or 5 pairs, ascending at an angle of 45 degrees, faintly arcuate 
and anastomosing at two-thirds of the distance to the margin; 
secondary veins faint, barely impressed above, irregularly 
anastomosing, almost invisible on the lower surface; veinlets indi¬ 
stinct; staminate inflorescence paired in the upper axils, simple or 
sparingly branched, 10-15 long, flexuous, the nodes 10-20 
mm. long; involucre hemispherical, 5 mm. in diameter; inter¬ 
nodes sterile and densely villous within the involucre on the 
basal 2 mm., then expanded into a spreading, subhorizontal, 
floriferous disc 3 mm. in diameter, strongly swollen and tonien- 
tose immediately above the disc. 

Type, La Crus 4222, collected at Kamakusa, on the upper 
Mazaruni River, British Guiana, and deposited in the herbarium 
of the New York Botanical Garden. The swollen portion of 
each floriferous interiiode, with its accompanying tomentum, 
is visible above the sporophylls. 




A study of progressive cell plate formation* 

Bessie Goldstein 

(with eleven text figures and plate 6) 

In connection with a study of the cells of the meristem and 
protoderm of the growing tips of healthy tobacco plants and 
those affected with mosaic disease, I have had occasion to study 
division figures in cells which are already more or less vacuolated. 

Treub ( 23 ) seems to have been the first to point out the 
peculiarities of cell division in large vacuolated cells having 
a very thin parietal layer of cytoplasm, the primordial utricle. 
His figures show clearly that nuclear division and cell division 
are distinct processes in the life of the cell. He points out 
too that cell plate formation is a progressive process and that 
the cell plate widens gradually thus cutting across the cell pro¬ 
toplast and dividing it into two. Only when the cell plate reaches 
the walls of the mother cell, are there two distinctly separated 
daughter cells. 

Stages in the formation of the cell plate have been figured 
in many studies of cytokinesis, but these figures have generally 
represented a side or lateral view of the division figure. This 
is because the material is generally cut longitudinally, and the 
sections presented views perpendicular to the cell plate. Cross 
sections of growing tips presenting polar views of cells in divi¬ 
sion stages in my material, show the cell plate development in 
aspects which, as will be. noted later, are easily misinterpreted. 
Rings of kinoplasmic material appear to encircle two nuclei 
which often can be seen lying more or less directly over one an¬ 
other, or overlapping. Sometimes it is necessary to focus care¬ 
fully to distinguish the fact that there are two nuclei present. 
This gives the appearance of a binucleate cell with a halo. The 
ring or halo of granular or fibrillar material is the phragmoplast 
or fibrillar complex seen in polar view. 

Such polar views of late cell plate formation were figured 
by Went ( 24 ) in cells of the endosperm of FritiUaria "imperialism 
In his 'plate a cell division figure in polar view, shows 

* Contributions from the Department of Botany of Columbia University, 
no.'338.' ■ 
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the kinoplasmic fibrillar ring with a single nucleus. In fig. 18y 
the fibrillar complex has become separated into two arcs as a 
result of the fusion of the lateral portions of the ring with the 
walls of the mother cell. Strasburger ( 19 ) also shows an excel¬ 
lent polar view of cell plate formation in an endosperm cell of 
Fritillaria imperialis. This is in plate 2, fig. 20, where the ring 
of kinoplasmic fibrils lies in a large polygonal cell, and a single 
nucleus only is present in the section. Nemec (12) shows several 
polar views {figs. 15, 17) of early stages in cell plate formation 
in the cells of the wound periderm of the potato tuber. 

Prankerd ( 14 ) records the occurrence of multinucleate cells 
in various undifferentiated tissues of immature vegetative 
organs, and believes the many nuclei arise by amitosis. 

Beer and Arber ( 4 ) from their studies of growing tissues in 
a large number of plants, conclude that the occurrence of multi¬ 
nucleate and binucleate cells is very common, and that the many 
nuclei arise in ail cases by means of mitotic division. They 
ascribe the binucleate condition to certain peculiarities of cell 
division, by which a so-called phragmosphere may cut off a 
central cell containing two or more nuclei from a bounding cell, 
the remainder of the mother cell, which has no nuclei. 

My own observations show clearly that in the case of the 
growing tips of tobacco plants, no such binucleate cells are 
formed, and that cell division in every case proceeds quite 
normally. The report of binucleate cells and the peculiarities 
of cell division referred to are the result of a failure to take into 
account the appearance of ordinary cell division figures when 
seen in polar view or when oblique to the plane of the section, 
and also apparently a failure to focus carefully in order to deter¬ 
mine the correct relative position of the young daughter nuclei. 

The multinucleate condition in which great numbers of 
nuclei are seen in a single cell should not be associated at all with 
the supposedly binucleate condition discussed by Beer and Arber. 
The problem as to what this multinucleate condition signifies 
and why it is found in the cells of the plants studied certainly 
needs careful investigation. 

Bailey’s (1) statement in regard to multinucleate cells 
commonly believed to be present in such elongated cells as the 
cambium initials, shows that the apparently multinucleate 
condition in such cases, may simply be due to a failure of the 
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observer to realize that the thickness of the section may include 
parts lying at entirely different levels and in different cells. He 
states that in tangential, longitudinal sections of the cambium, 
the elongated initials frequently appear to be multinucleate, 
due to the fact that several radially flattened cells are exactly 
superimposed so that their nuclei lie quite close to the same 
focal plane. 

Hutchinson (8, 9) finds that in the pollen grains of Abies 
and Picea the mitotic division of the central or primary cell 
nucleus is not followed by the ordinary cell plate formation, 
but by what he calls a form of free cell formation. The generative 
nucleus ‘becomes enclosed in a hollow cylinder of fibers, the 
remains of the central spindle, which fuse lengthwise side by 
side, cutting the generative cell out of the primary cell, and 
leaving the tube nucleus in the cytoplasm of the original primary 
cell. In the light of my studies however, it seems to me that his 
figures show that cell plate formation is proceeding in the usual 
way by the formation and thickening of additional fibers at the 
periphery of the cell plate already formed from the central 
spindle, and that his claim that free cell formation occurs in 
these cases has arisen from a failure to interpret correctly polar 
and oblique views of his division figures. 

We have relatively few studies of division figures as they 
occur in large vacuolated cells where the cytoplasm during the 
resting stages is found in the form of slender threads and broader 
strands and films cutting through the protoplasts in all direction. 
The nucleus may lie suspended anywhere in such a system. 
Treub’s (23) original figures of cell plate formation include cases 
of division in such large vacuolated cells as those of the ovule 
cells of Epipactis pahistris, the fundamental tissue of young 
flowers of Iris pumila, internodal cells of Chrysanthemum 
leucanthemum^ eLiiA. various other plants. His figures in 4 
show typical cell plate formation in such cells as seen from the 
side and as ordinarily figured. Beer and Arber’s (4) studies 
also dealt with cell plate formation in large more or less vacuo¬ 
lated cells,* but as noted they seem to have interpreted incorrectly 
sections cut parallel to the forming cell plate. 

In my studies young tips of vigorously growing tobacco 
plants about eight inches high were cut off from both healthy 
and mosaic infected specimens. The material was fixed in various 
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fixing solutions—chromo-acetic, Bonin’s solution, Allen’s modi¬ 
fication of Bonin’s method, both hot and cold, Nemec’s chroni- 
formalin method, and the different strengths of Flemming’s 
solutions. I find that Allen’s modification of the Bonin method, 
fixed either at 38° C., or even at ordinary room temperature, 
and Flemming’s weak solution are the best for the study of nu¬ 
clear and cell divisions in this material. Cross and longitudinal 
sections were cut for study. The sections were cut 10 microns 
thick and stained with Flemming’s triple stain. 

I have studied cells of the tip as well as those occurring 
in the very young leaves or leaf primordia forming below the tip. 
These ceils are characterized by large vacuoles, across which rim 
strands of cytoplasm of varying size and form. A very thin 
layer of cytoplasm, the primordial utricle, lines the walls. 
The nucleus may lie against a wall, or hang suspended in the 
cytoplasmic strands. The plastids are found in the strands of 
cytoplasm, and stain a deeper orange than the cytoplasm, and 
when they contain starch, the starch grains are bright blue in 
the orange plastid. The young cell plate immediately after 
formation appears blue, while the young cell walls are thin and 
take a very faint orange stain. Older walls take a deep orange 
stain. 

In cells of the meristem that are about to divide, the cyto¬ 
plasm seems to be more than ordinarily massed around the 
nucleus. The plastids are often also grouped in this dense cyto¬ 
plasmic mass about the nucleus, though a few scattered ones 
may remain in the primordial utricle. A region of yellow 
staining granular material is often found around the dividing 
nucleus, and this may be the source of the kinoplasmic material 
soon to appear in the division stages. This granular material 
is often visible around the spindle and at the poles during later 
division stages. The polar caps appear at the spireme stage, 
and consist of fibrils grouped in the form of a cone enclosing a 
clear space within them. I shall not discuss the problems of 
spindle formation and the anaphases, as my material presents 
nothing specially significant for these stages. 

During the telophases, the two daughter nuclei are recon¬ 
structed, the nuclear membrane is formed, the niicleoles appear, 
and the chromatin is distributed in the form of more or less 
rounded chromatin bodies resembling very much procliromo- 
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somes as described by Rosenberg, The daughter nuclei immedi- 
ately after division present quite a different appearance from the 
nucleus of a cell in the so-called resting condition. They stain 
very deeply. The niicleoles if present are very small, and the 
chromatin, as noted, is in the form of small bodies lying in a 
less deeply staining nuclear sap. 

A casual examination of cross sections of such tobacco tips 
would suggest that binucleate cells are not infrequent just as 
Beer and Arber (4) describe them as occurring in some 177 
species of plants. More study shows that the two nuclei which 
appear to be in one cell, are in fact separated by a ceil plate 
which is parallel or almost parallel to the plane of the section 
and is thus easily overlooked. 1 have observed this condition 
very often in my sections cut ten microns thick, where here and 
there in the section a cell will appear more intensely stained 
than neighboring cells. The appearance of two nuclei apparently 
within the boundaries of such a single cell, is confined entirely 
to these more deeply staining cells, the dividing walls of two 
superimposed cells both lying within the section. 

In the growing tips of stems, we find a terminal meristem, 
the growdng tip itself, made up of very small polygonal cells 
whose large nuclei nearly fill the cell, and which are dividing 
rapidly. Below them there is a region of elongating and enlarging 
cells, containing large vacuoles through which run thin strands 
of cytoplasm supporting a nucleus which appears small in 
comparison with the size of the cells. Division figures in abund¬ 
ance are found here also because the shoots are increasing in 
thickness. Such a region furnishes excellent material for the 
study of cell plate formation in large vacuolated cells. 

In the cells of the growing tip of tobacco, in the early telo¬ 
phases, the central spindle is as usual barrel shaped. It next 
widens laterally in the ordinary fashion and changes rapidly 
from barrel to biconvex lens shape (plate 6 , fig. i). The 
daughter nuclei in the cells of the tobacco meristem follow the 
apparently shortening fibers toward the cell plate as it is formed 
so that no clear space is left between the shortened fibers and 
the nuclei (fig. 2). With the completion of the cell plate midway 
between the daughter nuclei the familiar fiber complex still 
remains.'', ■ '"d;:":' 

The fibers at this stage curve toward and may be connected 
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with the daughter nuclei. As the cell plate increases in dianieterj 
and the fiber complex gradually moves outward in all directions 
the threads finally lose all connection with the daughter nuclei, 
as is shown clearly in longitudinal section (fig. 2). 

This figure shows a long thin line (edge view of the cell 
plate) in the equatorial region between the two daughter nuclei, 
while at each end of the line, and more or less at right angles 
to it, appears the familiar mass of fibers with their ends still 
curved in toward the daughter nuclei. In terms of the kinoplasm 
theory, division here is by means of a progressively peripheral 
development of kinoplasmic material which is adding to the 
cell plate on its periphery, new kinoplasmic fibrillar material 
appearing continually in a centrifugal direction, on the outside. 
The cell division then is by a process of centrifugal development 
of the original so-called central spindle. The nature of this 
process has been the subject of much discussion. Bailey’s (1, 2) 
very striking discovery that even in the long, thin, and narrow 
cambial cells this same peripheral spread of a fibrillar system 
from the region between the daughter nuclei to the extreme 
ends of the dividing cell occurs, emphasizes most strongly the 
apparent importance of fibrillar elements in this most important 
process in cell reproduction. 

Bailey (2) describes and figures such cell division stages in 
the cambium initials: “Fusiform initials, which freciuently 
are several hundred times as long as they are wide, divide, 
longitudinally by an extraordinary extension of the cell plate.” 
In certain Gymnosperms for example, the cambium initials may 
attain a length of more than 9000 microns. These cells are 
uninucleate, so that “the working sphere of their nuclei must 
extend in certain cases for a distance of several thousand mic¬ 
rons. ”, " 

His description of the stages of cytokinesis in these extremely 
elongated cells agrees in principle with what takes place in vacuo¬ 
lated ceils. The central spindle expands marginally l)y the 
addition of peripheral fibers which thicken, shorten, and finally 
fuse to produce the cell plate materiab ' They'thus'constitiite l 
a circular rim of fibrillar kinoplasm which appears as a halo j 
about the portion of the cell plate already formed, when seen in \ 
polar view. The ring can only increase in circumference in 
narrow tangentially cut cells until ..it intersects,: the radial walls. ' 
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The lateral fDortions of the ring then disappear as the cell plate 
ill these regions reaches the radial walls, leaving two separgtl 
arcs of kinoplasmic fibrillae to continue their progressive move¬ 
ment to the farther regions of the cell. They thus extend the 
cell plate lengthwise through the cell. These two separate 
kinoplasmic arcs, Bailey believes are distinctly characteristic of 
elongated or perhaps also much flattened cells, and he gives the 
name kinoplasmosomes to them. 

The term phragmoplast to designate the central spindle and 
its widening out into a fibrillar halo surrounding the cell plate, 
is rather misleading, since it seems to associate the activity of 
cell division with such other cell processes as are associated with 
chloroplasts, leucoplasts, elaioplasts, etc. There is no real 
functional analogy here to warrant the use of the term plast 
or body. There is no definite organ of the cell especially con¬ 
cerned with the production of kinoplasmic fibrillar material. 
It is rather a particular period in the life of the cell which is to 
be characterized. Starting with the prophases of karyokinesis, 
nd proceeding on through cytokinesis, the metabolic activity of 
he cytoplasm and nucleus are directly concerned with these 
inoplasmic activities. As will be noted below, the fibers appear 
in the cytoplasm along the periphery of the cell plate. The 
daughter nuclei lying close to the plate, and connected by 
cytoplasmic strands along the cell plate to its peripheral edge, 
may also be concerned with the production of the fibrillar mate- 
riab 

There is an objection to the term kinoplasmosomes proposed 
by Bailey {!) to desi the two parts of arcs of the kino¬ 
plasmic fibrillar ring, which have not yet reached the walls of 
the mother cell, as figured in Ws plate 2g, figs. $4, 57, and 55. 
Such separated portions of the kinoplasmic ring may arise for 
various reasons such as the irregular shape of the cell, or the 
position of the dividing nucleus as it may lie on one side or in 
a corner of'.a'vacuolated’’cell. ■ 

Treub (23) in his study of the formation of the cell plates 
of cells ■containing.Jarge., vacuoles,, notes, two' modifi,cations::of' 
the process according to the type of cells concerned. If the 
nuclear division has taken place in the center of the cell, then 
the formation of the plate takes place symmetrically and pro¬ 
gressively outward in all directions reaching the ceil boundary at 
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all points simultaneously. If, however, the nuclear division has 
taken place nearer one side of the cell than the other, then the 
cell plate reaches the nearer side of the mother cell wall first. 
The remaining oppositely placed portion of the phragmoplast 
continues its development toward the farther side of the cell. | 
The splitting of the plate and the formation of the cellulose i 
membrane between may take place on the completed side before ' 
the fibrillar complex has reached the opposite side (plate 4, figs. 
3S, 40, 42, and 43). In the latter case, Treub observed that the 
daughter nuclei in living cells (plo^te 3, figs. I 2 a-i 2 }i), may move 
out along with the moving phragmoplast across the cell, thus 
giving evidence of their direct relation to the development of 
the fibrillar complex and the formation of the cell plate. 

I have found (fig. 4) as Strasburger did (17, plate 7, figs, jo, 
31) that the daughter nuclei may remain at one side of the cell, 
close to the finished cell plate, while a portion of the phragmo¬ 
plast develops progressively across the rest of the cell, thus 
reaching a position at a considerable distance away from the 
nuclei. This does not mean that the nuclei are not directly 
concerned with the further growth of the cell plate. In such 
cells the nuclei seem always to maintain a position equidistant 
from all parts of the greatly extended arc of kinoplasm. Ac¬ 
cording to the figures I have observed in my sections, the size 
of the cell, in such cases is usually greater than in the cases in 
which the daughter nuclei migrate with the development of the 
cell plate and in which hence, the kinoplasmic ring usually has 
a smaller .radius. 

However, as I have stated before, the generally symmetrical 
position of the two nuclei with reference to the cell plate, and 
the fact that the cytoplasmic reticulum has at this time developed 
outward from the region of the daughter nuclei across the cell 
and along with the newly forming cell plate, provides that the 
fibrillar complex is still in definite cytoplasmic continuity with 
the nuclei. ' 

Instances of the great distance to which the developing 
portions of the phragmoplast may go through the length of a 
very elongated narrow cell, are to be found in young sieve tubes, 
companion cells, procambium cells and other elongated vascular 
elements, in my sections through young petioles and the midribs 
of tobacco leaves. The figures confirm those of Bailey in all 
respects...:".; 
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The movement of the daughter nuclei toward the cell plate 
and each other, bringing with them the cytoplasmic reticulum, is 
a conspicuous fact whose significance is not at all clear. This 
arrangement may simply provide for passing the “energizing” 
influence of the nuclei along the cytoplasmic strands to the 
region of fibril formation and growth about the periphery of the 
plate. 

The most important typical figure of all the interrelations 
between daughter nuclei, general cytoplasm, fibrillar complex, 
and forming cell plate is probably to be found in such dense 
protoplasm as is found in pollen mother cells, root tip cells, etc. 
Timberlake’s (22) figs, d, 7, and 8 of larch pollen mother cells, 
may be taken as such type figures. The whole cell division pro¬ 
cess involves a somewhat biconvex lens shaped region in which 
the daughter nuclei lie at the centers of the two faces of the lens 
and within its surfaces. The periphery of the lens is rounded 
and the curves of the elements of the fibrillar complex if continued 
would follow the surface of the lens figure and thus converge on 
a point occupying a position in the equator of the daughter 
nucleus. The longer fibers are on the periphery, and they 
shorten and fade out imperceptibly with the substance of the 
cell plate. 

A conspicuous feature of this lens figure is that, with the 
exception of the elements mentioned—daughter nuclei and 
fibrillar complex, it appears quite devoid of stainable material. 
The cell plate appears as a thin line bisecting the whole figure. 
It is this absence of stainable material on both surfaces of the cell 
plate which suggests so positively that its material has been 
derived from the fibers which once filled this space. 

The important r61e of the nucleus to various cell activities 
has been pointed out in many connections. In Tradescantia 
stamen hair cells, the circulating cytoplasmic threads are 
continually changing their position, swinging across the cell 
lumen through the cell sap, fusing with one another, etc. How¬ 
ever, the prevailing direction'of the streaming, as first described 
and figured in 1838 by Meyen (11), is to and from the nucleus. 

of the nucleus 

in the developing root hairs is a familiar case. Here the nucleus 
lies right in the region of the first outward bulging of the epider¬ 
mal cell wall, and moves out with the dense cytoplasmic material 
as the root hair grows in length. 
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Harper (6) concludes that the nucleus is the center of the 
activities concerned in forming the kinoplasmic fibers that bound 
the spore in free cell formation in the ascus, the special locus 
from which the fibrils develop being the central body on the 
surface of the nuclear membrane. That the nucleus is directly 
concerned in this formation of kinoplasmic material and the 
process of cell formation, is suggested by the fact that it is drawn 
out in the form of a long beak at whose tip is the active astral 
system. The ultimate fusion of the fibers side by side as their 
material flows down about the nucleus, results in the formation 
of an enclosing cell membrane. 

Strasburger (19) holds that in cells with vacuoles, the 
laterally adjacent cytoplasm is soon drawn out into a thin 
sheath which surrounds the two daughter nuclei and encloses 
the fibrillar complex. Such a connecting sheath is not found in 
pollen mother cells of larch which are densely filled with cyto¬ 
plasm, where however, the relation of the inner boundary of the 
surrounding cytoplasm with the fibrillar complex is the same. 
His figs. 17 and 18^ plate 2 (19) illustrate the shortening of the 
fibers of the central spindle to form the cell plate. Fig. ig shows 
the drawing back of the peripheral primary fibers from the cell 
plate already formed, thus drawing out the surrounding cyto¬ 
plasm into a sheath around the spindle and the daughter nuclei. 
Fig. 20 shows the same stage in a polar view. In fig. 21^ the 
cell plate has reached one wall, while still continuing its move¬ 
ment across the mother cell on the opposite side, Here the 
cytoplasmic connection of the growing fibrillar complex and the 
daughter nuclei is clearly demonstrated. In Jig. 22, the daughter 
nuclei in the completed daughter cells are shown once more 
suspended on radiating strands of cytoplasm. 

The old question was whether new threads arise from the 
splitting of the old threads or de novo. If the threads are paths 
of flowage one could hardly admit of their splitting to form new 
threads. Such ideas as the threads giving rise by a splitting 
to new threads, or by a transfer of some of their substance 
into shorter threads first appearing between the longer threads, 
seem scarcely possible. The most satisfactory and reasonable 
explanation of their origin, is that they arise de novo in the 
cytoplasm about the periphery of the cell plate where they are 
being used up in its formation and growth. 
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The well known cytoplasmic aggregation around the nucleus 
that I have described as present in the early prophases, and 
often evident all through the stages of division, including the 
formation of the cell plate, is the notable feature in cell organiza¬ 
tion during the division stages. This is especially the case in 
highly vacuolated cells. Strasburger (19) describes this condition 
very clearly. It suggests without doubt that a relatively compact 
unit area, including both nuclei and cytoplasm, must be developed 
antecedent to the metabolic changes which lead to the formation 
of the kinoplasmic fibers in the polar caps, and later in the 
widening of the central spindle and the growth of the cell plate. 

The rble of the nucleus and later the daughter nuclei in these 
processes is by no means clear but it is fair perhaps to assume, 
that here, as in the other familiar cases noted above, it is in 
some way the centre of the metabolic changes which are taking 
place.',; , 

The relation of this cytoplasmic mass to the formation of 
the fiber groups and hence to the formation of the cell plate has 
not as yet been at all adequately cleared up, but the rearrange¬ 
ments in preparation for division which take place in much 
vacuolated cells and especially those with a single large central 
vacuole suggest its great importance. 

Timberlake’s (22) conclusion that the fibers can only arise in 
connection with the nucleuses in harmony with the facts as seen 
in cells of onion root tips, and larch pollen mother cells, where 
the peripheral threads of the spindle seem scarcely to lose their 
direct communication with the daughter nuclei through the 
whole development of the cell plate. The biconvex lens shape 
(Timberlake figmes in plate 8, figs. 6, y, 5) assumed by the fiber 
system in its late stages, emphasizes this conception. 

In such vacuolated cells as I have studied, and for Bailey’s 
procambial cell division, the case as to the origin of the new 
fibers at the periphery of the widening cell plate is not so clear. 
Bailey’s figures are remarkable illustrations of the great extent 
to which the fiber complex must move in building the cell plate. 
Bailey (1) states, ^' The threads or ■ lines of flow’ do not extend 
across the cell from one tangential membrane to the other, but 
lie free in the cytoplasm. Nor are they connected with the 
daughter nuclei which remain in their original position near the 
center of the protoplast.” ^‘There is an enormous increase in 
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the, number of 'peripheral' fibers during cytokinesis.” "The 
phenomena appear to justify Strasburger's contention that the 
accessory fibers are of cytoplasmic origin.'^ 

If the fibers mark lines of flow, however, it is not impossible 
that in all these cases the form of the individual fibers is im¬ 
portant. The fibers in my figures always curve inward toward 
the daughter nuclei, not only after they have lost all connection 
with the nuclei, but even when the fibrillar complex has migrated 
to a considerable distance across the cell away from the nuclei 
in those cases where the daughter nuclei have not accompanied 
the growing phragmoplast. 

In my opinion, Beer and Arber’s description of a new type 
of cell division by means of a "phragmosphere,” the formation 
of a cell within a cell, the binucleate condition of this enclosed 
cell, and the cutting off of a cell without a nucleus are all based 
on a misinterpretation of polar views of the ordinary stages of 
cell division in vacuolated cells. 

As I have explained, the " phragmosphere ” is simply a polar 
view of a stage in progressive cell plate formation. The nuclei 
are not both left in the same cell, but one lies above, the other 
below the cell plate which is being formed within the kinoplasmic 
ring. There will be no cutting off of a celbwithout a nucleus 
since the ring of fibers will move out to the peripheral wall and 
cut off completely a lower and upper cell, not a cell within a 
cell as Beer and Arber describe. 

: Bailey (3) in a note on ■ ‘ Phragmospheres and binucleate 
cells” suggests that these investigators are simply describing- 
stages in the division of parenchymatous cells, and that they 
present no evidence for the resorption of the central spindle 
without the formation of a cell plate, or the transformation of 
the phragmoplast wdth the associated cytoplasm into a hollow 
sphere, which will increase in diameter and form a hollow shell 
or cell within a cell. He (1) has correctly referred their descrip¬ 
tion. of such stages as they show in figs, i and 20 to his fig, 5b, 
plate 2Q, He interprets the situation as showing the wide view of 
the moving sphere of kinoplasm which has moved out from its 
original position between the two daughter iiiielei, in fig, 55, 
plate 2g. In fig, 56, have the polar view of a similar stage 
where the circle of kinoplasmic material is in view as it lies 
between the two nuclei. The nucleus shown in appears 
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to lie above the sphere. In fig. 57, the two nuclei are visible, 
though situated at different levels in the section. The kino- 
piasmic complex here has reached the side walls of the cell and 
completed the cell plate in this region. Above and below, it 
continues building the cell plate which really extends from one 
arc of kinoplasm to the other, and lies between the two nuclei. 
A comparative study of longitudinal and cross sections demon¬ 
strates that such a plate actually does exist and is present even 
though indiscernable in a polar view. 

Hutchinson (8, 9 ) also describes certain peculiarities existing 
in cell plate formation in the male gametophytes of Abies and 
Picea. The peculiarities referred to are in connection with the 
division of the primary cell to form a generative cell and tube 
nucleus. He claims that although thickenings of the fibers do 
occur in late telophase, yet no well defined cell plate is formed, 
but as the spindle begins to grow wider, it moves away from the 
tube nucleus, finally enclosing the generative nucleus only in a 
globe of fibers, as in his figs, u and 12 (1914). The fibers finally 
touch the prothallial cell. Then they fuse side by side to form 
a hollow wall enclosing the generative nucleus alone. This 
wall formation is likened to that described by Harper in free 
cell formation of the ascospores in mildews. 

It seems to me that Hutchinson's figures as drawn are not 
entirely consistent with his own interpretation. A careful study 
of his owm figures, taking into account the planes of the sections 
from wdiich they were taken, seems to me to show that the cell 
division has really taken place in the regular manner by means of 
cell plate formation within an enlarging kinoplasmic fibrillar 
ring. The phragmoplast in these pollen divisions instead of 
extending outward in the same plane to form a flat circular plate 
between the two daughter nuclei, which would eventually reach 
the peripheral walls as is usual, in this case curves around the 
generative nucleus, toward the prothallial cell, and in doing so 
lays down a cup shaped cell plate. This is very clearly shown 
in his 44 (1915). Here the cell plate may be distinguished in 
verticafsection as a faint line extending between the two daughter 
nuclei, curving down around the generative nucleus, and ter¬ 
minating in the kinoplasmic fibrillar mass. With the further 
movement of the kinoplasmic material toward the prothallial 
cell; the cell plate is extended until it meets the prothallial cell 
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wall, thus cutting off by means of a cup shaped plate the genera¬ 
tive nucleus from the tube nucleus. Fi^^s. 6 , and 7 , plaie 15 , 
show the kinoplasmic fibrillar ring at the stage wlien tlie |")er!|)h- 
eral fibers no longer are attached to the daughter nuclei, but are 
arising- anew in the cytoplasm as the cell plate widens. (''mitra.ry 
to Hutchinson’s statement that the cell plate is not formed in 
the usual manner, but only when the fibrillar mass has moved 
away from the tube nucleus and surrounded the generative 
nucleus alone, in my opinion both these figures show conclusively 
that the cell plate has already been laid down in the usual maimer, 
at the usual time. In these sections, the cell |)late appears 
simply as a very plainly discernable line (edge view) apparent 
through the kinoplasmic fibrillar ring whose fillers curve dis¬ 
tinctly inward about its periphery, toward the nuclei. 

The figures so far discussed it seems to me admit of the in¬ 
terpretation I have suggested, 8, plate 15, however, seenns 
really inconsistent with any liitherto known method of cell 
division. Figs, 4, /c?, ip, and 43 all show evidence of tlie thick¬ 
ening of the primary central spindle fibers which initiate the 
formation of the cell plate. Figs. and 45 show as distinctly as 
does/ig. 44, previously explained, the kinoplasmic fibers still 
in process of formation to complete a cup shaped plate, which 
is evident in all these figures as a curved line (edge view) sur¬ 
rounding the generative nucleus. 

Lawson’s (10) description of a peculiar method of cell mem¬ 
brane formation in the multinucleate peripheral [irimary cells 
and central cytoplasmic region of the prothalliiun of Cryplofneria 
japonim,. is j'tferrexl to by. Beer.and Arber (4) as iiri exam|,„)Ie 
of the probable occurrence of phragmospheres such as the}’ de¬ 
scribe. Lawson, states that cel! plate formation liere is liy 
meanscof the'lateral iusion of the fibers of a. hollow sf^indle. 
PIowever,',it is t|uite clear, although a,11 the'stages in cell plate 
formation are not given,, that'-the^ same''misinter[>retati<)n is 
l3eing made here as in Hutchinson’s cleBcription of free cell for¬ 
mation in the'pollen grains, by the.fusio,n of fi,berB side l)y side 
to form an enclosing membrane. ,His figs. .24^ ji, and J2 siigg’csi 
very strongly not the formation of a hollow sphere of fibca's 
(thephragmosphere'of BeerTind Arber) .but simply the presence 
of the usual ring of kinoplasmic fibers laying down the cell jdate 
which will eventually separate the daughter .nuclei. . The 
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sections having been cut directly across the fibrillar ring and 
parallel to the cell plate, here present the fibrillar complex as 
a ring of granules, each granule being a cross section of a fiber. 

Similar to this no doubt should be the explanation of Piech/s 
(13) claim that free cell formation occurs in development of the 
cell boundary about the generative nucleus in the pollen grains 
of Scirpus paliister. He describes the formation of a free cell in 
the cytoplasm by the simultaneous formation of two enclosing 
membranes between the primary nucleus and the surrounding 
cytoplasm. Immediately after the formation of the two mem- 
branes a vacuolar region arises separating the two from each 
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Fk;s, t, 2 . Cell division in cells somewhat older and larger than embry¬ 
onic cells, with several vacuoles (Type 2). 

Other,as .shrrwndn^his ji and 32. Piech evidently has not 

found the stages'of cell'plate formation'figured by Hutchinson, 
(9). 

. , Whether ' Strasbiirger’s.: '(16) well 'known figures' of free' cell, 
formation in 'are"also. to be interpreted, as'.polar and'": 

ob'Iic|ue views of ;divisi,o,n', by. a.,cup shaped cell plate is in ray,'. 
opi,nion .a 'possibili,ty to ' be, considered,'. though' cup shaped,' cell 
plates are.not known in connection with,.an^^'^ther''division.in' 
the embryO' sacs.,Certainly the .embryo 'Sac of Epheifu 'should 
'be further studied.' 

Treiib (23) re,cognized'"two types',of .'cell'.'.plate.'.formation,,,:,, 
Strasburger (17)' a. third, type, .and'.'Schlirho.ff (,i5)',four' sG»c'a',l'lecr, 
types of'cell plate .for'ma'tion'...'.'"Bailey'.Xl),.points,;.out,'that the.,'. 
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differences in these various types are due merely to differences in 
the distribution of the elements of the cytoplasm in different 
tissue cells and the relative position from which the division 
figure is studied. 

In my opinion, it is worth while in the interest of clearness 
to recognize at least five distinct variants or conditions of cell 
content relations to cell plate formation. I am illustrating the 
eSvSential stages in these variants by a series of text figures, 

1. Cell division in small cells with relatively deiivSe cytoplasm 
and no large vacuoles. This is the familiar case illustrated in 
the embryonic tissues of root tips, in pollen cells, etc. The growth 
of the cell plate in such cases involves only a simple widening out 
of the central spindle with the addition of relatively few new 
fibers to form ultimately a biconvex lens shaped phragmoplast. 
This would correspond to Schiirhoff's first type. It is shown 
in many original drawings and text book illustrations. (Hof, 
pL 3 , 4 .) (Timberlake, pL S.) I have not regarded it as necessar}' 
to give diagrams here. 

2 . Cell division in somewhat larger cells containing several 
vacuoles. The nucleus lies in a dense mass of cytoplavsm that 
occupies the central region of the cell. Text figs, i and 2 
illustrate this type of cell, from a cross section of a very young 
leaf primordium below the growing tip of a tobacco stem. Such 
a division process differs in no essential featurevS from that in 
embryonic cells. 

3. Cell division in mature parenchymatous cells witli a 
single central vacuole. Through this central vacuole extend 
cytoplasmic strands across the cell lumen coiinectiiig various 
regions of the primordial utricle. These tend frecjuently to lie 
more or less centered on the nucleus and tlie streaming in t,lie,m 
is sometimes said to be to and from the niudeusv Two caises of 
cell plate formation may be distinguished. 

a. The nuclear division figure lies in' the cent:er of the cell, 
so that cell plate formation will go on 'progressively ouiwarc,Ito 
the lateral walls of the cell, while the two daughter nuclei remaiit 
close to the .cell plate in the original', position occupied, by dlie 
"karyokinetic" figure. ' Text 'figs,. ■'■ 3 ' and' 4 'aixt, cells,' from ■ 
meristem of, a,: tobacco plant stem growing tit), tiiat illustrate 
this' type. In polar , view, the ring, of kinoplasmic fibers would 
be,„v,isible about 'the,, two centrally'placed,'nue,lei, whic'h typically 
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should appear to overlap. Such a ring of kinoplasm as it moves 
toward the periphery, and meets the walls of a many sided cell, 
may be divided up into one or more separate fibrillar arcs. 

b. The nuclear division figure is eccentrically placed in the 
primordial utricle on one side of the cell, so that in cell plate 
formation one portion of the phragmoplast reaches the adjacent 
proximal lateral wall very soon, while the remaining arc of the 
fibrillar complex must develop peripherally across the entire 
cell to complete the cell division. If this arc should intercept 
the lateral walls at different times, it may as in (a), be broken 



Figs, 5, 4. Cell division in larger, more mature cells, containing a single 
large vacuole'(Type 3a).' 


Up into two or more separate,arcs.-' -The nuclei are usually located 
atta .point eqindista.nt: .from all parts of the .kinoplasmic,, arc 
whether it is.still entire or has,'been .divided'Up into separate 
tarcs..by, intereeption,;anci 'fusion .with the.boundaries of,the mother' 
cell. . If.'the'kinoplasmic■'■arcdias a,relatively smaH'radius, the 
.nuclei' .may accompany, the’ fi,bril,lar...;;co.m,p'lex,' across the cell -as 
'Treub .describes, for. his,'second'..'type. '■■ 

I include in this third group of division figures in large poly« 
gonal cells, several of 'the''earlier'' recognizecl types. Text 
3 and.qhillus'trate.Treo.b'S first'type... .'..plate 6"' fig. 4, illustrates 
Strasburger's third type, plate 6 fig. 7, illustrates Schurhoff’s 
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fourth type, plate 6 fig. 10, illiLstrates Bailey’s fifth type, as 
descril:)ed for elongated camhial initials where the ii’ng of kino- 
plasmic fibers is broken up into separate arcs. 

4. Cell division in elongated cells containing a large ceiiiral 
vacuole with practically no transverse cytoplasmic strands. 
During the resting condition, the nucleus lies in the primordial 
utricle. Cell division may take place longitudinally or trans¬ 
versely. ■ 

a. Transverse cell division in an elongated cell with one 
vacuole. The cytoplasm accumulates in the region of the nucleus 



Figs. 5-8. Stages in transverse division in an elongated vuniolate s'ell 
(Type 4a). 

as i:t is about to divide so that the ■nucleus now lies'somewhat, 
away from, the wall in the cell lumen, with cytoplasmii' stTands 
extending'.to the wall above and below itc The strands tow'tird 
one end only move along ■the.wall 40'the end of the cell,"and, 
cross ,it to ;the opposite lateral;wall, so that the spindle figure 
now lies suspended in a diagonal massive strand or bridge of 
cytoplasm. Cell division now proceeds in the usual manner 
across the'cell.'^ ' text tigs. .,5-8 illustrate, the .essential stages of 
such,,a division. 
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b. Longitudinal cell division in elongated cells with one large 
vacuole, text figs. 9---11 show division stages in elongated 
vacuolated cells of the midrib of a very ^^oiiiig tobacco leaf. 
The nucleus lies in the primordial utricle. The spindle and chro¬ 
mosomes are oriented for a longitudinal division even before 
the cytoplasmic strands in the manner described in 4a above, 
have drawn it away from the parietal layer and out into the 



Figs* 9'“LI. Stages in longitudinal divisions in an elongated vacuolates 
cel! (Type 4b). 


cell'lumen.' The, cell 'plate is extended through' the very long 
cell by twO'separate arcs of kinoplasmic fibers as in, the elongated 
cambiiim^.initials described' by Bailey. ,"'.The ',entire ',fibrillar. 
coraplex“~“Cell ■ plate, and 'peripheral'.kinoplasmic, fibrillar'arcs,' 
is connected with the primordial utricle by strands of cytoplasm. 

5'.. Cell division ' in "such- elongated'elements as 'the .cambial 
',i,nitial:S;. studied liy Bailey,,' in.'which longi,tudinal''divivsion.'''oi:.t.he' 
cell .take's place by means, of 'a very': extended.growth;of' the cell; 
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plate tliroiigii the great length of the cell. These are the most 
extreme cases of division by a cell plate so far ol)servecl, and 
their discovery by Bailey has brought the problems of cell divi¬ 
sion into a new light. As stated before, Timlierlake’s suggestion 
that the new libers arise from the daughter nuclei seems hardly 
applicable here. None the Icvss, as Bailey’s figures show, the 
symmetrical position of the daughter nuclei with reference to 
the whole figure is a striking fact to be taken into account in 
any theory of the formation of the new fibers. As noted, I have 
observed such cell division figures only in petioles and midribs 
of very young leaves. The relative dimensions of the cells in the 
tissues I have studied are not so extreme as in the case of the 
cambium initials studied by Bailey. 

It is obvious in all these cases that cell division by means 
of a cell plate is essentially the same process no matter how 
varied the distribution of the cytoplasmic and vacuolar content 
of the cell may be. In all we have a peripheral development of 
the cell plate formed from the original fibers of the central spindle. 

The movement of the daughter nuclei toward each other and 
the forming plate, and the central position maintained by them 
with reference to the whole development of the fibrillar complex 
at the boundaries of the plate is very striking indeed. It is 
not until cell division is completed, and the cell plate has split 
to form two cell membranes, and a young cell wall has been 
laid down between them, that the daughter nuclei may migrate 
away from the forming wall. 

Strasburger’s conception of the fillers as threads of llowv 
which shorten,'thicken, and fuse side by side to form the cell 
plate Is perhaps as much in harmony with the facts as any of the 
various Theories as to the fundamental nature of the processes 
here involved. . ■. ■ 

T I gratefully acknowledge my indebtedne^ss' to, Fhxifessor R. 
A. Harper for his; many valuable suggestions, in this study and 
in the preparation of this paper. 
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Explanation of plate 6 

I'he drawings were made with the aid of the Al)l)e camera lucida. A 
Zeiss microscope was used with a i 12 inch oil immersion ol>iet‘tive and a 
number 3 ocular. These figures were drawm a.l)ove stage level at a inagnifK'a- 
tion of 1000 diameters, reduced in reproduction to al)Out 666 diameters. 

Fig. I. Lateral view of a division figure in a cell from the growing ii|> of 
a healthy tobacco plant. The biconvex lens shape stage of the s[)indle has 
been reached. The young cell plate within the last fibers of the central 
spindle which form the biconvex lens, appears in edge view' as a thin dark line. 

Fig. 2. A lateral view of a cell plate formation figure in a cell from a 
transverse section of a growing tip of a diseased tol)acco plant. The fibrillar 
complex on one side has reached the wall of the mother cell and is partially 
fused with it. Several plastids lie in the cytoplasm along the cell plate, here 
appearing in edge view as a line. The daughter nuclei already He close to the 
cell plate. 

Fig. 3. A lateral view^ of cell plate formation in a cell from a longitudinal 
section of a leaf primorditim of a healthy tobacco plant. 

Fig. 4. Lateral view of a late stage in cell plate formation in a cell from 
a healthy leaf primordium. Here the nuclei have remained on one side of the 
cell, while the fibrillar complex has travelled a considerable distance aerOvSS 
the cell. 

Fig. 5. A polar view of cell plate formation in a cell from a cross section 
of a healthy growing tip. The fibrillar kinoplasmic ring is almost entire. 
The cell plate which separates the two daughter nuclei within the ring, appears 
only as a faint granular haze. Several plastids lie in the cytoplasm about and 
wdtbin the ring. 

Fig. 6. A polar view' of a stage in cell plate formation from a cross 
section of a growdng tin of a diseased plant. The cell is very large, and the 
section has not cut it favorably for showing the cytoplasmic strands about 
the fibrillar ring. One nucleus has been cut away, and the cell plate wdthin 
the kinoplasmic ring is very clear as a round granular area which when seen 
in edge view on one side, appears as a thin line. 

Fig. 7, Another polar view from the same section as in Fig. 6. This 
shows a later stage in cell plate formation. The fdirillar ring alt bough nearly 
across the mother cell, has only merged with it in one (’orner of the cell. 'Fhe 
two nuclei appear to overlap but He one above tlic other witli the delicate 
scarcely discernable cell plate between them. The cytoplasmic strands tbat 
lie along the surface of the cell plate are evident in this view, 

F IG. 8, ■ A somewhat tangential view of aJatc stage in eel! plate fiirtnaiion 
in a cell of the growing tip of an old diseased plant cut in cross section. Tlie 
fibrillar complex has intercepted the walls of the mother cell and now remains 
only as an arc of fibrillar'material still; moving across the cell. , The cell plate 
wdich separates the two daughter nucleins evident as a, granular layer'above' 
which cytoplasmic strandsand plastidsdie. 'The lighter nucleus'd'ies'below the 
cell 'plate.' ^ 

' Fig.' 9 .' A similar stage of cell p'late'lo'rmation ;tothat shown.'irv.'FiG.' 8, 
'in a very':' large 'centrally located' meristetnatic 'cell in a'cross section of a 
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healthy growing tip. The cell plate, w’^hich lies above the more lightly stained 
nucleus and ex ends from one wall of the mother cell to the concave side of 
the fibrillar complex at its periphery, is scarcely evident. This arc of -kino- 
plasm when viewed in a longitudinal section would appear as a fibrillar mass 
at the free end of the cell plate as shown in fig, 4. 

Fig. 10. A cell from the cross section of the growing tip of a diseased 
plant. Here the fibrillar complex has intercepted the wall in such a way as 
to leave two separate kinoplasmic arcs. A portion of the cell plate which 
separates the two nuclei and which lies parallel to the section, is very clear on 
one side only as a very dark granular area. Where it sloped away from the 
plane of the section and therefore was not included in the section, it is only 
evident along the ring as a faint granular haze. The cell contains many 
plastids. 




Miscellaneous notes on plants of Southern California—IV* 
Philip A. MuNzf and Ivan M. JoHNsxoNt 

In this paper the following abbreviations are used in citing 
herbaria: G, Gray Herbarium; NY, New York Botanical Garden-; 
P, Pomona College; S, Stanford University; UC, University of 
California; and US, U. S. National Herbarium. 

Scirptis bernardinus sp. nov. Perennial, forming a very 
dense turf commonly several meters in diameter; plants densely 
caespitose, crowded, commonly with hard short stout vertical 
caudices (these covered with the dark persistent stem-bases) 
terminating dark-colored rootstocks ca. i mm. thick, producing 
no underground resting buds; stems several, gray-green, leafless, 
obscurely 3-angled, striate, wiry, 3-10 cm. long, characteristically 
spreading and recurving, more or less interlacing with those of 
adjacent plants; sheaths obliquely truncate, pale brown, 1-2.5 
cm. long; spikelets solitary, terminal, not subtended by an in- 
volucral bract, ovate-oblong, laterally compressed, 3-6 mm. 
long, ca. 2 mm. thick, 4-6-flowered; scales reddish brown, margins 
hyaline, midrib thickened and dark, apex obtuse; lowest scale 
deltoid-ovate, ca. 3 mm. long and broad, hyaline margin broad; 
upper scales oblong, 4-5 mm. long, ca. 2 mm. wide; styles 3-cleft, 
ca. 6 mm, long, branches 2.5 mm. long; stamens 3; filaments 
ca. I mm. long; anthers basifixed, erect, ca. i mm. long; bristles 
3 (or more ?), filiform, retrorsely barbed, equalling or surpassing 
the achene; achene oblong-obovate, coarsely beaked, ca, 1.8 
mm. long, lenticular or obtusely trigonous, light brown, very 
lightly etched with longitudinal rows of more or less rectangular 
cells.'".' 

San Bernardino County: locally common in a wet meadow, 

' South, Fork of: Santa, Ana River, -8500 ft. dt.MunzdxSj (type, 
Pomona College'He:rb.'.mo.' 14332); South'Fork of Santa Ana 
■lUver, 8200,,'ft' alt.',''-(G^ 

Evidently a .clovse rela'tive'of 5.''pa«a/Zm/^.7;,LightfM:p 
''Which'' species it has' been'.placed.,by, writers on the"Southern' 
Californian sedges.', However,''after'a.'study of cmpious' material 
"oi 'S.-pauciflofus.^ fmm'both' North'America and''Europe,'W.e 
have 'become convinced of the distinctness of' the, plant'd.eS'Cribed 

* The third paper of this series was published in the Bulletin for July, 
',I924;(51:'295-302). . ,, '■ ...A. ; 

f.Pomo.na College, Clare.mont,"California, 
f "Cray, .Herbarium, Harvard'University. 





222 


BULLETIN OF THE TORREY CLUB 


[VC‘)L, 52 


above. It differs from its relative in its spreading recurved 
steniSj densely caesi:)itose turf-forming aud siTiallei% 

sniootlier, and less sharply angled achenes. Idie of growth 
is very peculiar, the plants forming a dense pure tiirl witli the 
caiidices so close and the stems so matted that a |)ick or collecting 
tool is driven into the mass with difficulty. It grows in the wet 
mountain meadows in the Canadian, Zone of the vSaii Bernardino 
Mountains where the frequent colonies are conspicuous liecaiise 
of their gray-green color, tow dense growth and sliarply defined 
limits. True S. paticiflorus is a very slender, erect, scarcely 
tufted plant witli underground resting Imds and very slender 
^rimning rootstocks. In Southern California [ilants a|:)parently 
referable to this species have been collected in the San Beriiardino 
and vSaii Jacinto mountains. 

Alnus rhombifolia var. bemardina var. jiow Leaves averag¬ 
ing smaller than in the typical form, ^-*5 cm. long, i.5*“3 cm. 
wide, densely soft pubescent, not resinous, frequently noticea!)ly 
double-serrate; staminate aments short, 2-4. cm, long, 3'-4 mm. 
thick; pistillate aments smaller, less woody and more slenderly 
pedunculate, 7-12 mm. long, 5-7 mm., thick. 

San Bernardino County: SantavAna;River.a;t, jimction/of. 
South Fork, 6300 ft. alt., Munz & Johnston 8468 (type,' Pomona 
College Herb. no. 46794)South■'Fork of Santa'Ana'River, 
6200 ft, alt., GrinneU 303 'CUC);'Lost Creek, 7000 ft. alt., Munz 
& Johnston 861$ (P); Foxesee Creek, 5500 ft. alt., Mitnz & 
Johnston 866p (?),;■ Hathaway Creek, 6000 ft, alt., Munz & 
Johnston 86fi (P). ■ w, ■ 

A,, well marked but apparently local variaticm occurring in 
the pine belt of.the San Bernardino .Moimtaiiis in die upper 
'portions of the Santa Ana River system lietween ilie altitudes 
of 5000,and 7000 ft. altitude. The most: cons|,)icuous cliaracler 
of the variety is the heavy pubescence on its leaves. At. the 
lower edge of its range the variety grade's off into t:hc: essential'Iy 
glabrous^ and coarser plant of lower altitudes. It may eventually 
be found wise to include under' the var. bernarMtui 
. forms of Alnus from the pine belt of t.he San.Jacinto 'M^'otintains 
and other,ranges of Southern' .California, but at p,resent' these 
■.are .'excluded, for. ultliough approaching the'variety.iMmurcIftwi 
" in'' pubescence, t.h.ey' do .not: have' small' '.leaves and aments..' 

■ 'In'"„the, present,/conheetion it..may'- be. mentioned 'thatM 
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reports of the occurrence of A. tenuifoUa Nutt, in Southern Cali¬ 
fornia and Lower California seem erroneous. These reports are 
apparently based upon Sargent’s statement of range in the Silva 
of North America ( 9 : 76. 1896). According to Sargent the 

species forms '‘great shrubby thickets six or seven thousand 
feet above the sea along the head-waters of the rivers of southern 
California which flow to the Pacific Ocean.” Such collectors 
as Parish, Hall and Abrams have never reported thickets of any 
alder in the higher mountains of Southern California and have 
never recorded any specific occurrence of A, tenuifoUa there. 
More recent collecting on our part in almost every portion of 
the region has likewise resulted negatively in this regard. 
Furthermore, search in all the important herbaria of the country 
including that of the Arnold Arboretum, has failed to yield any 
material oiA, tenuifoUa from south of the main Sierra Nevada of 
central California (Kern County ?). Similarly no specimens have 
been found from Lower California. Examination of the cited 
reference, i. e. Zoe 4 : 216. 1893, upon which Sargent, 1 . r., ap¬ 
parently based the inclusion of Lower California within the range 
of A. tenuifoUa, shows that it was misread. The citation given 
refers to ^nAlnus reported by Katherine Brandegee from Bouldin 
Island in the lower San Joaquin Valley of California which was 
probably assumed to be from Lower California inasmuch as the 
preceding article in the journal was by T. S. Brandegee and 
concerning the flora of northern Lower California. In Mr. 
Brandegee’s article no Alntis was mentioned. 

Because of their well developed double serration the leaves 
of A. rhombifolia Y'cir. bernardina suggest those of A. temUfolia 
rather than those of typical rhomhifolia. The staminate' 
aments of the variety, however, are clearly those of ^ 4 . rfeuwJi- 
folia. ' ■ 

, , Malvastrum gabrielense sp. nov. An. erectly branched shrub 
■■ ca,*' 2m. '.highbranches ■ rather slender, virgate, with a; dense 
close stellate-pubescence,;,',leaves'-scattered., firm, shorter than the 
internodes,. 2-^4, cm. long, i. 5 - 2 . 5 'cm, broad,'Obscurely , 54 o.bed,, 
coarsely'' and ' irregularly ■ serrate-dentate, stellate-pubescent, 
pale green, beneath somewhat lighter and prominently veined, 
apex broadly acute, base somewhat cordate; petiole densely 
stellate, 5-15 mm. long; stipules subulate,, 8-"9' mm. Jong,' early 
deciduous; flowers,in few-flowered' glGmeruIes,':in, th'e:Upper'''axils'f 
pedicels o-^S'mm. long;braetle.ts subulate, 7'"i'2 ,mm>do:ng, shorter 
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or longer than the calyx; calyx xo~-i2 mm. high, loosely stellate- 
pubescent, simply tomentose inside; calyx-lobes Icince-ovate, 
ca, 8 mm. long, 3 mm. broad, strongly acnminate, eiiervous; 
petals pink, i6-'i8 mm. long, S-a) mm. wide, strongly oblicjiic- 
asymmetrical, sessile, rounded above; styles ca. 8 jtutl long; 
style-lobes glabrous, slightly thickened at summit, 2-3 mni* 
long, ca. 10; stamens ca. 50, glabrous except at very base; 
connective prolonged as a subulate appendage' which al)out 
equals the length of the anther-sacs; ovary stellate-pubescent; 
mature fruit unknown. 

Los Angeles County: Arraster, north slope of San Gabriel 
Mountains, 3100 ft. alt, F. W. Peirson 774 (type, Pomona 
College Herb. no. 9927). 

Malvastrum gabrielense appears to lack obvious relationships. 
From If. orbiculatum, with which it grows, it differs in its small 
more angular, thinner, less pubescent leaves, levss densely pubes¬ 
cent stems and calyces, and more elongate calyces, bractlets 
and stipules. Though more leafy above, the inflorescence of the 
new species suggests the interrupted glomerate one of if, 
msciduMf a more southern species with hispid calyces. 

Ammoselinum occidentale sp. nov. Annual scabridiiloiis 
herb 10-15 cm. high, with numerous strict simple leafy branches; 
stems slightly angled, reddish tinged; leaves glabrous, ternately 
divided, 25-45 mm. long, ultimate segments linear, 5-8 mm. long, 
ca. I mm, wide; petiole of lower leaves becoming 25 mm. long, 
with an evident subsheathing hyaline-margin, that of the sligh tly 
reduced upper leaves much shorter; umbels compound,'on naked 
terminal peduncles 15-50 mm. long that slightly surpass the 
leaves; involucre, absent; involucels linear-lanceolate, few, 3-5 
mm. long, ciliate-denticulate; rays unequal, ascending, several, 
2-8 mm. long; pedicels very unequal, 1-4 mm, long, angh/xl; 
petals white, broadly obovate, ca. 0.8 mm. long, ol)tose; se|')als 
undeveloped; fruit (submature) ovate-oblong, c'a. 3 itiitl .long; 
stylopodium conical; carpels obscurely 5-angled, closely armed 
with unequal stout subulate hairs; oii-tul.)es in, triixlicate under 
the 4 dorsal and lateral furrows, those of the commiHsiiri'd face 
larger, more separated and 4 in number; seed com|‘)ressed dorsally, 
face plane. 

.'Riverside County: locally abundant in heavy soil of a dry 
.basin, under shrubs and in the open,/‘Hayfields/’ Clriickwalla 
'.Valley, Colorado' Desert, 500 ft. ,alt., April 13,' 1922, '.M'tmz &f 
■Keck 4Q30' (type,,. 'Pomona College Herb. no. 13255). , 

. '^This species is a .very 'evident relative'of ^ 4 . giganieum C.& 
R.;'of" Arizona and Coah'Uila, frO'm which it'/differS' in'i'ts lower, 
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more compact habit, imbranched stems, smaller more compact 
umbels, pubescent (rather than conspicuously callous-toothed) 
smaller carpels, and twice,as numerous commissural oil-tubes. 
Like its relative, the proposed species differs from the two other 
members of the genus, i. e. Popei T. & G. and A. Butleri 
(Engelm.) C. & R., in having the lateral and dorsal oil-tubes in 
threes rather than solitary. For the two western species which 
have triplicate oil-tubes we are proposing the section Hespero- 
seiinum. The relationship and the characters of the 4 species 
now referred to the genus Ammoselinum may be appreciated 
by a study of the following natural key. 

Dorsal and lateral oil-tubes solitary, one under each furrow; 
carpels smooth or inconspicuously roughened. lEuammo- 
selinum. 

Umbels sessile in the axils; commissural face of carpel not 
corky-thickened; fruit 2 mm. long or less, broadly ovate, 
smooth or nearly so. .. A. Butleri. 

Umbels terminal and evidently peduncled; commissural face of 
carpel with 2 strongly thickened corky ridges; fruit 3-4 

mm. long, oblong-ovate, somewhat roughened. A, Popei. 

Dorsal and lateral oil-tubes in threes; carpel roughened or 
coarsely pubescent. ^Hesperoselinum. 

Fruit covered with coarse subulate hairs; commissural oil- 

tubes 4; stems simple, 1-1.5 dm. tall........d. occidentale. 

Fruit covered with blunt callous teeth; commissural oil-tubes 

2; stems loosely branched, 2-3 dm. tall. A, giganleim. 

Penstemon Peirsoni sp. nov. A pallid glabrous decumbent 
plant ca. 3 dm. tall; branches basal, erect, simple, ca. 3 mm. 
thick, internodes 2-4.5 leaves rather firm, glaucescent, 

concolored, nerveless, inconspicuously dentate; basal leaves 
oblanceolate, obtuse, basally attenuate, 4-7 cm. long, 7-10 mm. 
broad, with petioleS; .about ..i.-. cm. long;' middle cauline leaves 
gradually reduced, lanceolate, acute, subamplexicaul,' 1-5 nm. 
long; inflorescence'rigid, few-flowered,-8-13 cm. long, ,2.5-4 cm.' 
thick, narrowly and inconspicuously bracteate; peduncles 5-10 
'em., long, curved upward and vertical above;,, pedicels slender, 
glabrous,' 3-15 mm.' long,,:usually'strict, subtended' by acute 
herbaceous lanceolate bracts'2-3 mm. long;, calyx'"puberulent'; 
calyx-lobes .'imbricate,, acute, 4-5 mm. long,''lateral,'',m,argIhS' 
white-hyaline; corolla about 2,5 cm, long, entirely gtabrous, 
purplish-lavender; tube ca. 5 mmy long and ca. 3.5 mm. thick; 
throat ca. 15 mm. long, 7-8 mm. thick, weakly inflated ; uppe 
Hp ,4 mm. long, ca.,',7 mm.-broad,,erect (?)., lobes.2,,,''Ca., i.'.S'.mm',', 
long, obtusely deltoid; lower Up ,5 m'm. long,,'"ca.,.',:9,'mm'. broad,.,. 
erect," lobes .3, ca. '7 mm. long, ovate';'(s'terile''filament"'yellow-'' 
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bearded near tip, ca. 19 mm. long, reaching to corolla-siiiiises; 
fertile stamens glai)roiis, reaching to coroliii-siiiiises; anther-sacs 
glaljroiis, ca. 1.7 mm. long, oblong-ovoid, ultimately ex|:)Ianale, 
lines of dehiscence confluent and extending to tlie l:)ase of eacli 
sac; mature fruit unknown. 

Ventura County: single plant on dry slope, Seymour Creek, 
Mt. Pinos, 5900 ft. alt., June 10,1923, Mtinzdggg (type, Pomona 
College Plerb. no. 31596). 

Apparently most related to P. fmtlcijormis var. incertiis^ but 
differing in its broader serrulate leaves, narrower stricter thryse, 
and smaller, glabrous, less inflated and more colored corollas. 
In gross habit it much suggests P. heierophyllus but has broader 
glaucous denticulate leaves, broader and shorter sepals, smaller 
less inflated lavender corollas, bearded sterile filament; and 
completely dehiscent divergent explanate unappendaged (not 
subulate ciliate) anther-sacs. In our recent paper (BulL So. 
Calif. Acad. 23 : 34. 1924) the type of P. Peirsoni is mentioned 
as a possible hybrid between P. heterophyllus and P. Palmeri var. 
Grinnellii^ However, since recent critical restudy of the plant 
has shown that it does not have the anther-sacs of P. hUerophylhis 
as once supposed, and particularly since P, .heterophyllus is not 
known from the Mt. Pinos region, it now seems that the suggested 
parenmge is improbable if not impossible. In its bearded style 
and elongate glaucous foliage P. Peirsoni is very suggestive of 
P. fruticiforrms and its variety. Going'southwest-ward towards 
Mt. Pinos from the type locality of P,/ndiri/arwis' the plants'of 
this relationship'are represented by the var. incsrtus wliicli lias 
less inflated', less bearded, more colored corollas. Hence the 
still less inflated, comparatively deeply colored glaljrous flowers 
of P:Peirsoni seem the natural culmination of the trend which' 
partially characterizes the var. ificertus, Fenstenton Peirsoni has 
leaves'which are denticulate and broader than those of the var. 
incertus^ being in these respects more like typical P./rtiMcAfatmis. 

It is a pleasure to associate with this striking plant the name 
of Mr. Frank Peirson, of Pasadena,'whose persis'tent collecting 
in the wilder portions of the deserts and mountains is adding 
.much'to our,knowledge'of the flora of our region., Mr.' Peirson 
was with' the'Senior author when the type of ihe new species was 
cO'llected.,, 

Chrysorsis ■ Brewerj a. ■Gray,- P'roc. Am,.".Acad. 6: 542.' 
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1865. {Chrysopsis Wrightii A. Gray, Synop. FL N. Am. ed. 2. 
F: 446. 1886.) ' 

An examination of the type of C. Wrightii and a comparison 
of it with the suite of 21 specimens which now represents C, 
Breiveri in the Gray Herbarium, has proved the essential identity 
of these two species. The type and only known collection of C. 
Wrightii consists of two stems just coming into flower, only one 
head, in fact, having open florets. The material is quite similar 
in habit and technical characters to Sierran collections at the 
same stage of development. 

Chrysopsis Wrightii was discovered by W. G. Wright in 
1882 about the summit of San Gorgonio Peak, the highest 
summit of the San Bernardino Mountains, and has been vainly 
sought b}^ botanists later visiting that area. The presence of 
this very rare and local species in the San Bernardino Mountains 
has been very puzzling since it has been the only one of the 
endemic species of the pine belt of that mountain-mass which 
has not been repeatedly recollected. On the other hand its 
apparent rarity is quite typical of an increasing list of boreal 
species of the Sierra Nevada that have a very local or rare 
occurrence in the San Bernardino Mountains. As a synonym of 
C. Breweri the distribution of C. Wrightii is quite analogous 
to that of such species as Crep%s nana Rich., Senecio occidentalis 
(Gray) Greene, Sibbaldia procumbens L., Salix orestera Schneid., 
Parnassia calijornica Greene, etc., all of which are widely dis¬ 
tributed in the Sierras of central California and known in Southern 
California only through single collections. 

. Taraxacum califomicum sp. -nov. Plant 5-20 cm. high, 
usually glabrous;,'root rather thick, simple, ■ dark,■'' glabrous; 
leaves, ascending to widely, spreading, light green, oblanceolate,, 
5"-K)("-i3) cm. long, usually .r--'2 (or rarely nea,rly 3). cm. broad, 
obtuse or acutish, characteristically subentire or sinuate-dentate 
but occasionally somewhat, runcinate-incised, long attenuate' at 
'base, in, age promptly and cleanly disarticulating from,the collar; 
scape" one to several, suberect to decumbent, at anthesis m,ore 
or,,less equalling the foliage but finally, elongating,, „glabrous 
even'when young; heads stout., broadly .cylindrical,'io-™i5 mm.' 
long, 8--I2 mm. thick, very abruptly contracted at base and 
hence truncate; tegules numerous, strictly erect, practiGally 
ecorniculate, light green or less commonly dark, usually sontie- 
',w,hat pruinose, commonly 'with' 'a, narrow',:'.scarious',,:.;margin 
exterior tegules not half the:,length of 'the' inner'ones', .ovate- 
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lanceolate, acute, 5"^7 mni. long, appressed; inner tegules linear- 
lanceolate, i:2-’i5 mill, long, 2-3 mni. wide; flowens iiiiiiicrous, 

siiberect, yellow, at anthesis surpassing tegules by 2.3 :111m.; 

achenes pale brown, ca. 3 mm, long, coarsely rugose, aliove 
narrowly tiil'ierculate and aliruptly attenuate witli a well 
developed snout); beak slender, 7-9 mm. long; p<i|:)piLs white, 
ca, 5 mm. long. 

San Bernardino County: meadow^s east o:f Bluff Lake, 
Mum 5630 (P); Bear Valley, PF. M. Pierce loi (type, Pomona 
College Herb. no. 12629)'; Bear Valley, Parish Bros. 1461 (G, S, 
US); Bear Valley, 6500 ft. alt, Parish 4977 (NY, S, US); Bear 
Valley, Parish 3131 (US); South Fork Meadows, Santa Ana 
River, 8200 ft. alt., Hall 7312 (UC); Mare Flats, Craivford Q46 
(P, UC); Cienega Seca Creek, Mtmz 6303 (P). 

This species, the only native Taraxacum known from west 
of the Great Basin, is common in wet soil in the pine belt of the 
San Bernardino Mountains where it occurs from 6000 to 8500 
ft. altitude. In Southern Californian references it has passed 
mainly as T. officinale var. lividuM Koch, e. g. Hall, IJniv. Calif. 
Pub. Bot. 3 : 272. 1907. In the monograph of the genus by 

Handel-Mazzetti (Monog. 74. 1907) it was referred to T. lap*^ 
ponicum Kllilm., and in Sherff’s recent treatment of the North 
American species of 2'amvTa^wm (Bot. Gaz. 70 : 342. 1920,) it 
was included in T. ceratophorum DC. From these species, 
however, T. californicum is readily separated, not only by its 
remarkably isolated range, but by having stocky cylindrical 
heads which are truncate.at the base, small achenes, non-spread¬ 
ing ,scarcely exserted florets, and erect appressed ecorniculate 
tegules. 




Notes on Fabaceae—V 
Per Axel Rydberg 

XYLOPHACOS: III. Missourienses 

This group is characterized by the straight pod, the two 
sutures being about equally curved, and the apex rather abruptly 
acute, not at all upturned; otherwise the plants are of the same 
habit as those of the preceding group. 

Pod obconipressed, the upper suture only prominent; 

hairs acute at each end. 22. X. vespertinus 

Pod compressed, both sutures, prominent. 

Corolla nearly 2 cm. long, purple; calyx-lobes 

nearly half as long as the tube. 23. X. missouriensis 

Corolla about 15 mm. long, white or merely purple- 
tinged, with a purple keel; calyx-lobes about one 
fourth as long as the tube... 24. X, cymboides 

22 . XYLOPHACOS VESPERTINUS (Sheldon) Rydberg. Jones 
(Astragalus 215. 1923.) reduced this to a variety of Astragalus 
amphioxys^ which it resembles a good deal in general habit and 
pubescence, but the pod is totally different and approaches that 
of XT. missouriensis. I think that A. chamaelucae panguicensis 
Jones is the same. Jones transferred the latter to a variety of 
^ 4 . argophyUuSj then raised it to specific rank and lastly returned 
it back to a variety of A. amphioxys. 

Colorado: Grand Junction, Eastwood, in 1892; collector not 
given, in 1894; Evans, Johnston 635; Arboles, Baker 417; Natu- 
rita, Pay son jop; Durango, Eashvood 5^pj .“New Mexico: 
Colfax Co., 20142; Sacramento Mountains, Earle 351 ^ Aztec, 
Baker 418; San'Andreas -Mountains, Wooton, in 1913; ' Pecos, 
Standley 5020; Socorro, Eggleston 16244; Otero County, Eggleston 
■14411; Wooton, in 189,7;,,San Antonio, 3841; Raton, 
'Standley ',6266; Union^ Co., ■'6240; Farmington, 'yop/; ' Sandia 
Mountains, Ellis 434; Cnrrioso Mountains, Matthews in 1892; 
Greenville, Eggleston 20og6; Romaldo, 20ij. 

23. XYLOPHACOSMISSOURIENSIS (Nutt.) Rydberg.' ' 
gains missouriensis was described from material collected in 
Upper Louisiana, probably': somewhere in'South" ^^akota.,-'', It' 
is 'characterized by, the, more :or less, black-hairy calyx.'and .'the,,; 
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peculiar pod, which has lioth sutures prornineivt' especially 
when ripe, when the pod splits along both sutures. It,, is conimon 
from Saskatchewan and Alberta to Scmtli Dakota, Oklalioiria, 
and Colora.(lo, east of the mountains. It lias been repoii.ed 
from New M’exico and Texas, but I have seen no specimens. 
Fendler I4g, Edwards, and Earle 82 from Santa (all in flowers 
only) seem to be X, pephragmeniis; Bra, Anect 103 seems to be 
Ah cyaneus, and Standley 5020 and Baker 418, X. vesperiinm\ 

IV. Pygmaei 

This group resembles much the Cyanei, but the pericarp of 
the fruit is pulpy and in age becomes dry and spongi<,:,)Us, the 
exocarp at last becoming papery and separating fro,m tlie endo- 


carp. 

Leaflets 7-11, obovate, obtuse. 

Pod straight, elliptic in outline.24. X. cymbotdes 

Pod somewhat arcuate, lance-ovoid in outline.25, A", pygmaeus 

Leaflets 1-5, lanceolate, acute; pod arcuate... 26. X. musiniensis 


24. XYT.OPHACOS CYMBOiDES (M. E. Joiies) Rydberg re¬ 
sembles closely X. missouriensis in habit, flowers,' and fruit, but 
the flowers are smaller and paler and the fruit is less woody and 
the thinner exocarp s^eparates in age from the endocarp some¬ 
what as in X, pygmaeus znd X. musinunsis. 

,, Astragalus amphioxys cymellus M. E. Jones (Astragalus 215. 
1923) is a synonym of this, atieast'as to a specimen in Jones^ 
herbarium, marked ^'Part of Type," from vSan Raphael Swell, 
the type locality given in the original description. Tliis specimen 
can not distinguished from the-other species cited below, all 
from'the, same county of Utah. 

" Utah: Huntington, Jones 3464 j; Phnory, $445 /ySpri-iig 
.Glen, Jams, in 1896; San Raphael Swell, Jcmes, in 191:4. 

■ 25. XylO'PHacos pygmaeus (Nutt.) Rydberg. This species 
was first described as Phaca pygmaea. As there was already m 
Astragalus pygmaeus, Dr. Gray proposed.the name 2I. Chamaeluce 
but placed it next to A, tephrodes and A. aridus, Sheldon fob- 
lowed Gra.y and' added .to the group A. castanaefarmis .and'A, 
Newberryi. '..Jones 'tedescribed it under- the'- name. AACicadm* 
After discovering..that'he had'^edescribed''Ptea, ^'^fwa-ea or 
Astragalus Chamaeluce,., he - made-"his. species'.a--.variety ''thereof 
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without pointing out any distinctive characters. In his Revision 
he adopted the name Astragahis pygmaens, although at least 
two species had been described previously under that name, 

Colorado: De Begnt, Osterhout 4467, — Wyom:ing: Fort 
Bridger, A. Nelson 4605; Green River, Rydbergs in 1895; Ham’s 
Fork, Nuttall. — Utah: Emory County, Jones. 

26. Xylophacos musiniensis (M. E. Jones) Rydberg. 
This resembles X, mediiis Rydb. in pubescence and in the form 
and pubescence of the leaflets, but the latter are seldom more 
than two pairs and the pod has the structure of that of X. 
pygmaeiis. The type came from Ferron, Utah. Other specimens 
seen are from Spring Glen, Emery County, collected by Jones. 

V. ERIOCARPI 

This group combines the appressed silvery pubescence of 
the preceding group with the woolly pod of the next following: 


Leaves elliptic or oblanceolate to obovate; calyx-teeth 
one-fourth to one-third as long as the tube. 

Leaflets 5-7, broadly oblanceolate to obovate, silvery 
white, pod densely villous 
Leaflets mostly obovate, obtusish; peduncles much 

shorter than the leaves. 27. X. Newberryi 

Leaflets oblanceolate, mostly acute; peduncles about 

equalling the leaves. 28. X. medius 

Leaflets 9-19, merely canescent, rarely more than i 
cm, long; pubescence of the pod comparatively 
sparse. 

Leaflets 3-8 mni. long, elliptic to oval, obtuse..... 29, X. marianus 

Leaflets 8-15 mm. long, lance-elliptic, acute.30. X. eurekensis 

Leaves broadly obovate-cuneate, rounded, truncate or 
ret use at the apex; calyx-teeth half as long as the 
tube.. ..... 31; X.' Watsonianus 

■ 27.' Xylophacos Newberryi" (A. Gray) Rydberg, This 


was ■first collected by'Newberry, on the Ives Colorado Expedition, 
and really .was the plant that Dr. Gray had in mind, when.he 
changed ■' Phaca pygmaea ' 'Nutt.- ■' to-', Askagalus ■ Chammluce. " At 
Gray, . As 'Gray ;expres'sedly stated-that he 'was-. 0"b-liged'' to 
change the name P. pygmaea^ the latter must be regarded as 
the type of A. Chamaeluce. , X. pygmaem smd X. Newberryi: 
very much alike in. habit, ■ and, mainly- .differing -in-,..the .fruit,- ''it 
was .not surprising' that Gray - regard.ed' -Newbe'rry’s , .plant, 
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collected in 'flower oi'ily, as the same as that of NiittalL /L 
camkdaritis exigtim Sheldon as to the Utah spedmet'is is i'K.)i!iing' 
}:')II t: X . N'ewherryi . 

Jones’ variety d. Netvberryi castoreus differs lit.tle from tlie 
type, the calyx-lohes being slightly l)lackish. His hylirids /L 
Piirskii X Newberryi (as to the Nevada speciniei'is named l:)y 
Jones) and A. Purshii Watsoniafius (Astraguliis 216. 1923) 

belong also here, and do not dififer from the var. caskrnms. In his 
monograph, Jones does not cite any specimens of A, Purshii X 
Newberryi from Nevada, but in his herbarium, now at Pomona 
College, there are three specimens so labelled, two from Auburn 
and one from Centerville, and one of A. Purshii X Watxonimius 
also from Centreville of the same date. These are all the same 
but have nothing to do either with A^. Purshii or X. Watsond-anus, 

Wyoming: Fort Bridger, A. Nelson Utah: Milford, 

Jones, in 1880; Stokes, in 1903; St. George, Jones 5006; M,arys- 
vale, 5338 1 ; Panguish, Palmer; Diigway, Jones, in 1891; Glen- 
wood, Ward 225.—Arizona: Newberry (Ives Expedition); 
Peach Springs, Jones, 68 ; Lemmon. — New Mexico: Aztec, 
Baker'420 ,— California: Inyo- County, S: W. Austdn 32().— 
Nevada: Palmetto Range, Pur pus 5868; Centreville, Jowex, in 
1893 (labeled Purshii X Aiiriim and 

Centreville, Jones, in 1893 (labeled A. Purshii X Newberryi); 
Austin, Hitchcock 767. 

28. Xylophacos medius Rydberg, sp. nov, {Astragalus 
eriocarpus M. E. Jones, Zoe' 3 : 293. 1893.. Not S. Wats. 18-71. 
Astragalus consectm Sheldon, Minn. Bot. StucL 1: 1:43, in part, 
1894. Astragahis NetvberryiY. eurekensis jone^, Astragalus 217. 

1923.) 

Subacaulescent, perennial, with a cesf)itose leafy caudex; 

■leaves 4-7, cm, long, ascending; stipules lanceolate, 3.rnni. 

long; leaflets 5“-9, oblanceolate or rhonibicK)blanceolate, avnie, 

' 1-2.5 cm.; long, 5-8 mm. wide,■,silky-canescent on both sides; 
peduncles 5-8 cm. long;-racemes 3-6-flowered; bracts Ian(:<*olat.e, 
5-6.mm.,long; calyx strigose, somewhat nigrescent, the tul)e 
about I "cm. long,'the teeth 2-3 mm,, long; corolla 2-2.5 tHii. long, 
purple-tinged., the keel with a dark purple tip, otherwise as that 
Newberryi; pod villous,- the hairs becoming tawney in age, 
.obliquely lance-ovoid in.'Outline, 2 cm. long,.rounded at the t)ase, 
arcuate, I cm. broad and 5-7 mm, dec^p* 

■'■, Type collected'''at Lake' Point, Utah,'.M.ay'29, 1880,- JomS' 
'' J74j;(herb:-N. 'Y.. Bot. Card.),'. ' 
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This species was first collected in Southern Utah {Parry 44) 
and named A. eriocarpus S. Wats. Sheldon included this speci¬ 
men in his A, consectiis. It was then collected at Dog Valley, 
Utah (Jones i6go) and named A. Chamaeluce. This number as 
represented in the Torrey herbarium is in early bloom, and the 
leaves not fully developed. Jones later changed the name to 
A. cibarius Sheld., which name belongs to Jones’ own A. arieii- 
nus. From what can be judged from a later statement of Jones, 
(Contr, W. Bot. 8: 12. 1898) it seems as if he intended to 

include this in his . 4 . eurekensis. Later in the year Jones col¬ 
lected apparently the same species at Lake Point (Jones iJAj), 
which he named A, eriocarpus S. Wats. Sheldon determined 
this number as A . suturalis Sheld., which is merely a substitute 
of name. At last Jones (Astragalus 217. 1923) based on this 

number his A , Newberryi X eurekensis. There is no evidence 
given by Jones why this should be regarded as a hybrid. I 
have seen no specimens either of X. Newberryi or of X. eurekensis 
from the Great Salt Lake valley. That the plant is somewhat 
intermediate between the two species is not proof enough that 
it is of hybrid origin. From X. eurekensis it differs in the more 
brightly colored corolla, the less numerous, larger and compara¬ 
tively broader leaflets; from X. Newberryi in the larger acute 
leaflets and the longer peduncles; and from X. Watsonianus 
by the fewer, narrower, acute (not rounded to retuse) leaflets, 
the shorter flower, the shorter calyx-lobes and shorter and less 
curved pod. 

Utah: Lake Point, Jones 1743; Dog Valley, i( 5 pa; south¬ 
western • Utah,' Parry 44, 

29. Xylophacos inarianus Rydberg, sp. nov. Subacatilescent 
perennial, with .a,.cespitose’'caudex; stems dm. long; leaves 
3^7'cm. long, with a slender rachis; stipules ovate or deltoid, 2-4 
mm. long; leaflets 11-19, oval, obovateyor broadly elliptic, 
mostly obtuse, ■ 3--8. mm. long, ■grayish-strigose; peduncles 2“-4. 
cm. long; racemes 2-6-flowered;,'bracts lanceolate,\3 mm. long; 
calyx villous, the tube 8'~io, mm. long, the teeth subulate, ,3 mm* 
long; corolla about 2 cm., rarely 2.5 cm. long, apparentlymnly 
purple-tinged; banner obovate, slightly, arcuatei^ wings .sliorter, 
the bladeS'oblong, with a broad auricle; keel-petals' still,shorter, 
the blade broadly: lunate, rounded,,at the apex;, podTaiice-ovoid,' 
,I5 -*“,i 8; mm. long,,'8 mm. broad and^ .deep,; ,m,odera:te,ly:''areuata^ 
throughout, villous, but,' not densely-so. 
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T}:pe collcKMed at Marysvale, Utah, June i, i8()4, Jones 
5?55 (herl:). N. Y. Bot. Card.). 

Tfie type was distributed as Asiraiiaius PursIiUf l)iit tlie 
plant is evidently more ckxsely related to eurekensis\ from 
which it differs in the smaller, comparatively broader^ ol:')tiise 
leaflets, and the smaller less curved pod. Appa^rently the same 
plant, but stouter than the type, was collected in flower only 
near Utah Lake by Fremont and distributed as Astragalus 
missotiriensis. Dr, Gray changed the deterniinatioii to /I. 
Shortiamis minor, to which it is not closely related. 

It is also Astragahis Purslianus X Netaberryi Jones (Astra¬ 
galus 216. 1923) mainly, but I do not think it is a hybrid of the 
two, having much smaller flowers than either. The only char¬ 
acter in which it approaches If. Neieberryi is tiie appressed 
pubescence, but at the same time this is shorter and coarser. 
The specimens from Diigway and Cedar Fort were included 
in Jones’ so-called hybrid. 

Utah: Marysvale, Jofies 5J55; Cedar City Jones 5200; 
Fish Lake Canon, Garrett 2 $ 13; Utah Lake, Fremont 406, in 
1845; Diigway, in 1891; Cedar Fort, Jones, in 1896; 

Fish Lake Forest, Eggleston 11108J1113Q, iixoq; Ephraim, 
Tidestrom 532J104; MomdinsviWey Jones in 1891; Loa Pass, 
363Q g; Soldier Summit 5601 c; Jugtown, 340J c. 

30. Xylo.phacos eurekensis (M. E. Jones) Rydlierg. 
This species resembles X. argophyllus a good deal in hai,)it: and 
leaf-form, but the'pod is different, being silky villous, thougli n(">t 
as densely so as in X. Netvberryi or X. medins. In ttiis respect it 
resembles more that of X. glareOsnis, from whidi, it is most 
easily distinguished by the appressed pubescence of the lea-ves. 

For many years Jones regarded this as d. glareosus. , l]|)c>n 
diwscovering his mistake he substituted the name A.'eurekensis 
; Jones (Contr. W. Bot. 8: 12, 1898). He did not cite any speci¬ 
men, however, and hence no type. locality is give,n. VVe .might 
assume that it is Eureka, Utah, where he collected s'|')edmeris 
in 1891. The sheet'of this collection in the Gray Herbariiiin 
represents ■ a' depauperate form,' but specimens from Cedar 
Fort, in 1896, show the other extreme of .the species., 

... Utah: Eureka, Jones, in. 189,1; Cedar 'Fort, "Jones,, in 1.896:, 
■Ephraim,-am. 2083, 1000. ■ 
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31. Xyloppiacos Watsonianus (Kuntze) Rydberg* This 
differs from its nearest relatives in the broad leaflets, rounded to 
retiise at the apex, the larger flowers, darker calyx, longer calyx- 
teeth and longer pod, strongly arcuate towards the tip. It was 
originally described as A. eriocarptis S. Wats.; there being an 
older A. eriocarptis, the name was changed to Tragacantha 
Watsoniana Kuntze and Astragalus sukiralis Sheldon. Jones 
reduced it to a variety of A. Newberryi using first eriocarptis 
then Watsonianus as varietal names. Jones included in it 2I. 
candelarius Sheldon, but I think erroneouslY’'. He stated (Astra- 
galiis 217. 1923) that it is common throughout the Great 

Basin from the base of Wasatch to the Sierras and southward to 
Owen's Valley and the southern flanks of the Mogollons of 
Arizona.” Even if A. candelarius is included, this area is alto¬ 
gether too large. I know it only from the type collection from 
Coyote Mountains, Nevada (apparently West Humboldt 
Mountains). Watson also recorded it from the Trinity and 
East Humboldt Mountains. Stokes' specimens from Paliwsades 
may belong here also. 
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Abbottj W, L. Botanical exploration of the Dominican Republic. 
Smithsonian Misc. C'oll. 74 "’: 62“63. 1923. 

Ames, O. Additions to the orchid flora of Central America. 
Sched. Orchid. 4 : 1--60. /. i + pL b, j. 4 My 1923. 

I genus and 40 species described as new, 

Amesj 'O. New 01"noteworthy-orchids. Sched. Orchid. 6: i-“99, 
f. '1-12. 3' N 1923.. 

Many, species described as new.' : ' 

Ames,'- 0 / Notes :on New England o-rchids—I. Spiranthes. 
Rhodora 23 ,: 73“"85. f. z-4 + pL 127-12^.- 28 Ap "1921, 

Ames, 0 * Observations on the, capacity of ,orchids, to- S'urvive 
in the struggle-for existence. Orchid Rev.- 30 :1-6, Au 19-22. 

Ames, O. Seed dispersal in -relation to colony formation' in, 
Goodyera pubescens. Orchid Rev. 29: 105-107. 1921, 

Arthur, 'J. C. Professor Holway, -, Mycologia ' , 15 : ,-'2'42“™243:" 

; -IS'S 1923,- - '' ' ' ' 

'[-Edward ,Willet Dwland Holway, born,8'My 1857,"died 3i',,M'r,i923.]- 

^37', 
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Atanasoffi D» A study into the literature on stipfilc-streak 
and related diseases of potato. Meded. Laiidlioiiwii. 26 ^: i 
52. 1922. 

Baileyj L. The cultivated Bravssicas. (icntes Herl'iiiriirii 
1: 51-108./. 18-4Q. 18 D 1922. 

4 species and 5 varieties described as new. 

Bailey's L. H. • Two species of Hibiscus from China. Gentes 
Herbarum 1: lop-iio./. 50. 18 D 1922. 

H. sinosyriacus and II. paraniidabilis described as new* 

Belling, J., On counting chromosomes in pollen-mother cells. 
Am. Nat. 55 : N-D 1921. 

Bequaert, J. Ants in their diverse relations to the plant w^orld. 
Bull. Am. Mus, Nat. Hist. 40 : 333-583. f. ^y-ioo + pi 
26-2g. 20 O 1922. 

Berry, E. W. Tertiary fossil plants from the Dominican Re* 
public. Proc. U. S. Nat. Mus. 59 ; !:iy-i2y. pL 21. 1921. 

10 species described as new. 

Bisby, G. R. Manitoba potato diseases and their coiitroL 
Manitoba Dept. Agr. Ext. Bull 66: 1-19./. Mr ,1923. 

Bitter, G. Ein Gattungsbastard zwischen Acaena und Ifargy- 
ricarpus: Margyracaena, Report Spec. Nov, 17 : 239-243. 
1921. . ■ ■ ^. 

X Margyracaena Skotisbergii Bitt., gen. et spec. nov. hybrid. 

Bitter, G. Eine Yerkannte Hebecladus-Art iind ihre Bedeiitiirig 
fiir die Stelliing der Gattung in der Tril)us der Solmieae. 
Repert.'Spec. Nov. l7:-246"25i. 1921, 

Ilebedadus propinqims (Miers) Bitt. nov. cond>. 

Bitter, G. ■ Zur Gattung Cacabus Benih. Repert:. S|)ec. Nov; 

17 : 243-245. 1921. 

Cacabus pusillus described as new species. 

Blake, S. F. Revision of the genera Amnthospernmm, Flmi- 
rensia, Oyedaea, and Tithonia. Coiitr. U. S. Nat. Herb. 20 : 
383-436. pi. 23. 20 Je 1924. 

Species in Acantkospermum {3), Flovrensia (5), and Oyedaea (3) described 
as new. 

Blakeslee, A. F., & Farnham, M. E. Bottle grafting. Jour. 
Hered. 14 : 171-173. /. 13. 31 J 1 1923. (illust) 
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Brandegee, T. S. Plantae Mexicanae purpusianae, XI. Univ. 
Calif. Publ. Bot. 10: 181-188./. i. 20 N 1922. 

Many species described as new. 

Britton^ N. L. Botanical exploration of Porto Rico and the 
Virgin Islands. Joiir^ N. Y. Bot. Gard. 24:93-99. My 1923. 

Chase^ A. Visit to European herbaria. .Smithsonian Misc. 
Coll. 74 C* 80-82. /. 82, 1923. 

Coker, W. C.' The Saprolegniaceae, with notes on other water 
molds. 1-201. pL 1-63. Chapel Hill, 1923. 

Cook, M, T. Applied and economic botany for secondary 
schools, i-xx, 1-269. [2d ed.] Philadelphia, 1923. 

Cuenot, L. The heredity of acquired characters. Smithsonian 
Kept. 1921 : 335 -“v 345 * 1923.. 

Davidson, A., & Moxley, G. L. Flora of southern California. 
1-452. Los Angeles, 1923. 

Davidson, J. The cascara tree in British Columbia. Canada 
Dept. Interior For, Br. Circ. 13: i-ii. /. 1-8. 1922. 

Rhamnus Purshiana. 

Davis, J. J. Notes on parasitic fungi in. Wisconsin, VII-VIIL 
Trans, Wisconsin Acad. Sci. 20: 399-431 + A-E. /. J-J + 
pL 30-32- Ap 1920. 

12 species and 2 combinations described as new. 

Davis,,, R* L,,, Flax-stem anatomy in relation to retting. "U. S. 
Dept.'Agr. Bull. 1185: 1-27./. 1-23. O 1923. 

Dearness, J*; The fungi, of the Arctic coast of A,merica'west of 
.the looth meridia,ii;,' Rept. Canad. Arctic ISxp. 4 ^"'^'X- 24 . 

1923- ■ ■ ' " ' 

,10.'Species and I variety described as new. 

Demaree, J. B* ' Kernebspot of the pecan and its causes.,,. IJ;S. 
Dept. Agr. Bull. I;1G2',:"'I-I5./. 1-5. ■ 26 1922. , 

DenmstoE, R.,H« A survey of the'larger ,,aquatic plants''of:,.Lake' 
.•Mendota., , Trans. :'W’isco.nsin 'Acad. ■ Set. , 20 :, '495-SOO. 
/. I. F 1920, 

Dickson, .',Bv T,,' Studies'"concerning,''mosaic ,,d'iseases. Mac- 
, , donald CoH.'^Tech. B.ulh 2:1-1,25. pi,' j-S."'„,''',Ap':i922, 
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DixoJi^ N. Rhacopilopsis /r?>u‘/e??'LVLs* E. G. Britt. & Dixon, 
Jour. Bot. 60: 86-88. Mr 1922. 

Dreschler^ C. Some graminicolous species of HelrHi/fiihaspoiimn: 
L Jour. Agr. Res. 24 : 641-740. pi. 26 My 1923, 

Edgertonj C. W., & Moreland, C. C. E ffect of fungi on t.lie 
germination of sugar cane. Louisiana Agr. lexp. Ekill. 
169: 1-40. pL l-Q, Ja 1920. 

Elliott, J. A. A new Ascochyta disease of cotton. ArkiULsas 
Agr. Exp. Sta. BulL 178: 1-18./. 1 +■ pL 1-4. Ap 1922. 
Ascockyla gossipii Sydow. 

Elliott, J. A. SojTie cliaracters of the southern tuckahoe. 
Mycologia 14 : 222-227. /. i, 2 + pi. 17,18. 29 J1 1922. 

Evans, A. W. The Chilean species of Melzgeria. Proc. Am. 
Acad. Arts & Sci. 58 : 269-324./. i-io. Mr 1923. 

M. iimricata and M. epiphylla described as new, 

Evans, A. W. Notes on New England Hepaticae—XVII. 
Rhodora 25 : 74-83. “My” 24 Ap 1923; 89-98. 20 Je 1923. 

Evans, A. W. Second revised list of New England Hepaticae. 
Rhodora 25 : 192-199. “N” 4 D 1923. 

Eyster, W. H. Scarred endosperm and size inheritance in kernels 
of maize. Missouri Agr. Exp. Sta. Res. Bull. 52: i-io. 
J. 1-6. J 1 1922. 

Farr, C. H. The psychology of plants. Atlantic Mo. 127 : 

775-783- H 1922. 

Fawcett, W. Dr. Anthony Robinson, of Jamaica. Jour. Bot. 
60 : 49-52. F 1922. 

Fawcett, W. Notes on Jamaica plants. Jour. Bot. 59 : 17 19. 
Ja 1921. 

Comocladia troyensis, Ilex florifera, Hex vniflora and Muylenm micro- 

carpu, described as new species. ■ . 

Francis, W., & Mullin,, J. The British .Guiana handbook.: L-x.,' 
l“-30o. Demerara, 1923L (Illust.) 

-Fraser, W» P. Cultures of . heteroecioiis' imsts, ':'i92C>*-i;92i* 
;; ■ Mycologia 14 ':' 228-230.' ■: 29' J1 .1922/ :' 
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Fronimej F. & Wingard, S. A, Blackfire and wildfire of 
tobacco and their control. Virginia Agr. Exp. Sta. Bull 228: 
1-19./. i-p + pL 1,2, Ap 1922. 

Frommej F. D.j & Wingard, S. A. Blackfire or angular-leafspot 
of tobacco. Virginia Agr. Exp. Sta. Tech. Bull. 25: 1-43. 
/. i~~i8 + pi. J, 2. Ap 1922. 

Garmaiij P.j & Stevens, F. L. The genus Septoria presented in 
tabulation with discussion. Trans. Illinois Acad. Sci. 13 : 
176-219. 1920. 

Garrett, A. O. Smuts and rusts of Utah—IV. Mycologia 13 : 
loi-iio. 26 Mr 1921. 

Graff, P. W. Unreported ferns from Montana, Bull Torrey 
Club 47 : 125-129. 31 Mr. 1920. 

[Grosvenor,] G. Misdummer wild flowers. Nat. Geog. 42 : 
35-59. pi. 1-16. Ja 1922. 

Hagstrom, J. 0 . Critical researches on the Potaniogetons. 
Kungl Svenska Vetensk. Handl 55 ^: 1-281. f. 1-119. i N 
1916. 

Several species and hybrids described as new. 

Hansen, A. A, Recent Indiana weeds. Proc. Indiana Acad. 
Sci. 38 : 293”*295. 1922. 

Hansford, C* G. The Panama disease of bananas. Jamaica 
■ , Dept. Agr."Microbiol Circ.. i: 1-28.' pL 1-4. 1923. 

Harms, H. lirnest Ule. Ber. Deut. Bot. GevSell. 33 : (52)-(59). 
1915., , 

, - Bonv 12 Mr' 1854, 'ciied 15 Jl 1915.. ; " ^ 

Harshberger,, J. Forest distribution in the northern' Rocky, 
'mountains,' Science II, 58 :.266. , 5, 0 '19,23,,, 

Harshberger, J. W. , The origin'of columnar holes, in'wa'nckrtng: 

, dunes. :'Science, IL' 57 : ,727-728., C22,''je''i923l '(Illust',)' 

Hawkins, L. A., &',Sando, €*■ £.■ ,Effect of''te,m,perature',;0,n,,,th 
.resistance to wounding'of''Certain ,sm,all .fruits'and'cherrieS'. 
U. S." Dept. Agr. 'Bull' 83o:,'i-6,., '.jCi;.' 1,92,0',' 
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Hendrickson^ A. H. Further experiments in plum pollination* 
California Agr. Exp. Sta. Bull. 352: 247“-266. /. 1-4. D 

1922. 

Hendricksonc A, H. Plum pollination. California Agr. Exp. 
Sta, Bull. 310: 1-28. /. 1-5. J 1 1919. 

[Herrera? A. L.] Cataloga alfabetico de nombres vulgares y 
cientificos de plantas que existen en Mexico, pp. 33-60, 
61--92, 93-1285 i 29-'I56, X57-178. Mexico, 1924-1925. 

Herrera? F. L, Contribution a la flora del Department del 
Cuzco [Peru] 1-241. [2d ed.] Cuzco, 1921. 

Hickeiij C. M. Evolucidn de las ciencias en la republica Argen¬ 
tina VII. Los estudios botanicos. Soc. Cien. Argentina 
Cincuentenaria 1872-1922: 1-167. 1923. 

Higgins? B.B. The bacterial spot of pepper. Phytopathology 12: 
501-516. /. i~5 + pi. 31-32. "'N’" 18 D 1922. 

Hitchcock, A. S. A botanical reconnaissance in southeastern 
Asia. Smithsonian Kept. 1921 : 373-380. pi. i-ii. 1923. 

Hitchcock, A. S. The grasses of Hawaii. Mem. Bernice Pauahi 
Bishop. Mus, 8: 101-230. /. 1-108 + pi 3 ^- 35 - 
Many species described as new. 

Hylander, C. J. A mid-Devonian CaUixylon. Am. Jour, ScL 
V. 4 : 315-321./. 1-6. O 1922. 

i^earney, T, H. Self-fertilization and cross-fertilization in pirria 
cotton. ' U, S. Dept. Agr. Bulb. 1134: 1-68. /. 1-4 + pL 
, j-y. 26 Ap T923. 

Kiiiip, E, P. Botanical exploration in Colombia.' Smithsonian 
Misc. Coll. 74 ^: 70-79. /. yo-fo. 1923. 

Knowlton, F. H.' Evolution'of geologic, climates. Bulb Geob 
, Soc. Am. 30 : 499-556.'■ '1919.- 

Ko.ehler, A'« , ^ The identification ■ of true mahoganyC certain, 
so-called mahoganies, and some common substitiit€*s. U. S. 
.' Dept. Agr. Bulb 1050: '1-18. f. 1-13. 12 My I922, ■ 

Krieger, L,.C. G. A sketch' of the history of mycological illustra- 
" "'tion (higher, fungi). , ■ Mycologia 14 : .311-331.','■ "pi . 24-31, 
13';N' 1922, '/ ' 
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Lee^ A« Action of some fungicides on the citrus-canker 

organism, A progress report. Philipp. Jour. Sci. 17 : 325- 
341. O 1920. 

Lee^ H. A. Relation of the age of citrus tissues to the suscepti¬ 
bility to citrus“canker. Philipp. Jour. Sci. 20: 33i“'34i» 
/. I + pi. 1-4. Mr 1922. 

Lee, H. A., & SMno, A. Citrus-canker control experiments in 
Japan. Philipp. Jour. Sci. 20: 121-151. /. i -f- pL 1-4, 

F 1922. 

Leon, H. Una excursion al Pico Turquino. Rev. “ De La Salle 
101: i™i2. My-Je 1923. (Illust.) 

Leon, H. Lina excursion botanica a la "'Loma del Gato^’ y sus 
alrededores. Mem. Soc. Cub. Hist. Nat. Felipe Poey^^ 
4 : 77’-84. 23 F 1922. 

Link, G. K. K., & Meier, F. C. Anthracnose of muskmelons. 
U. S. Dept. Agr. Circ. 217: 1-4. pi. i. My 1922. 

Link, G. K. K., & Meier, F. C. Fusariiim rot of potatoes. U. S* 
Dept. Agr. Circ. 214: 1--8. pi. i, 2. My 1922. 

Lowe, C, W. The freshwater algae of the Canadian Arctic 
Expedition 1913-1918. Rept. Canad. Arctic Exp. 4 ^: 1-53. 
f. 1-6 + pi. 1-5. 1923. 

McClelland, T. B. The coffee leaf spot {StilbeMa flavida) in 
Porto Rico. Porto Rico Agr. Exp. Sta. Bull 28: 1-12. 
pL x-4. ,14 D. 1921. 

MacDougal, D. T, /Permeability and the increase of volume' 
,,of contents of living:and of artificial cells. ^ Proc., Am. Phil. 

' Soc. 62 ,: 1-25. /. I. '.TO'All 1923." 

McLean, F. T.,,& Lee, H. A. 'Pressures required tO'.cause sto'matal 
infections,'with the citrus-canker' organism. Phi,lipp.,.: JouL 
Sci. 20:'309-321../. I,'2. ’ Mr 1922. 

Mains, ,E. By ' Differences, in 'the'..susceptibility of' clover,.to 
, powdery mildew.'^ ,,Proc'.'' ■Ind,iana'Acad./'''Sci'.'':''38'r';3,'07-3i^^ 

,' /. r..'^ 1922.''''/ 
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Mansfeld, R. Simarubaceae, Rhamnaceae. [Plantae Luetzel- 
burgianae brasilienses IV]. Notizbl. Bot. Gart. Berlin 9 : 
39-40. I Je 1924. 

Marsh, C. D., Clawson, A. B., & Eggleston, W. W. Bac charts 

pieronioides as a poisonous plant of the southwest. Jbiir. 
Am. Veterinary Med. Assoc. 57 : 430-434. f. i, 2. J 1 
1920. 

Martin^ J. F., Gravatt? G, F., & Posey, G. B. Treatment of 
ornamental white pines infested with blister rust. U. S. 
Dept. Agr. Circ. 177: 1-20. /. 7-12, Au 1921. 

Martin, W« H. Influence of soil moisture and acidity on the 
development of potato scab. Soil. Sci. 16 : 69-73. 3;923. 

Martin, W. H. Late blight of potatoes and the weather. New 
Jersey Agr. Exp. Sta. Bull. 384: 1-23. /. i, 2. Ap 1923. 

Maxon, W. R. The botanical gardens of Jamaica. Smithsonian 
Kept. 1920 : 523-536. pi. 1-20. 1922. 

Meier, F. C., & Link, G. K. K. Bacterial spot of cucumbers. 
U. S. Dept, Agr. Girc. 234: 1-5. pi. i. Au 1922. 

Meier, F. C., & Link, G. K. K. Potato brown-rot. U, S. Dept. 
Agr. Circ. 281: 1-6. pL j, 2. Au 1923. 

Merrill, E, D. New or noteworthy plants XVI, XVIL Philipp. 
Jour. Sci. 17 : 239-323. S 1920; 20: 367-476, Ap 1922, 

Many species described as new. 

Miles, L. E. A new species of Myriangium on pecan. My- 
cologia 14 : 77-80. pi. 14. “Mr” 12 Ap 1922. 

Myriangium itiberculans. 

Nelson, C. Z. Studies'in the North American Opuniia. Trans. 
Illinois Acad, Sci. 12: 119-125. 1919. 

O, shreveana, 0 . youngi, 0 . seguma and 0 . described as new 

./''Species. 

Nelson, R. The: occurrence“ of' protozoa, in 'plants affected,,, with 
, mosaic' and ''related :diseases.' ' Michigan Agr.''-Exp.",' Sta. 

'' Tech.' Bull, 58 m- 30.'"',/.'i-i 5 . - D '1,922.' ' 

,„ 0 ,chotereiia, L 'Das :Cact 4 ceas de Mexico.,', 'i-i79, Mexico,, 
.■',,'1922.'" '(Il'lust.) . 
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Peltiefi G* L. A study of the environmental conditions in¬ 
fluencing the development of stem rust in the absence of 
an alternate host. I. The viability of the iirediniospores 
of Puccinia graminis tritici form III. IL Infection studies 
with Puccinia graminis tritici form HI and form IV. Ne¬ 
braska Agr. Exp. Sta. Res. Bull. 22: 1-15. /. i-j. i S 

1922; 25: 1-52- pL 1-12, D 1923. 

Pennellj F. W. Successful botanical expedition to Colombia. 
Bull. Pan American Union 57 : 221-232. S 1923. (Illust.) 
Also translated into Spanish: Notabile expeditidn botdnica a Colombia. 
Bol. Union Panamericana 58 : 545-556. Je 1924. (Other illustrations.) 

Piper, C, V. A study of Allocarya, Contr. U. S. Nat. Herb. 
22: 79“ii3. 1920. 

Many species described as new, 

Pittier, H. The middle American species of Lonchocarpus, 
Contr. U. S. Nat. Herb. 20:37-93. /. 1-43 + pL 1-6, 3 Au 
1917. 

Many species described as new. 

Pittier, H, New or little known Melastomaceae from Vene¬ 
zuela and Panama. Jour. Washington Acad. Sci. 13 : 

384-392. 19 O 1923. 

Chaetolepis sessilis, Tibotickma br achy anther a, Desmoscelis mollis^ Mono- 
cJiaetum lalmii, Miconia rufostellulata^ Clidemia gracilis and Ossaea tricho- 
calyx described as new species. 

Record, S, J. Bibliography of the woods of the world (exclusive 
of the temperate regions -of' North America) with emphasis 
on tropical; woods. 1-28. New Haven, 1922. 

Record, S. J*, & ,:Garratt, G* A. .Cocobolo. Yale Univ. School 
Forestry, Bulk'8: 1-42. 1-7/ 1923. , 

Reddy, Brentzel, W. E. Investigations of heat canker, 

' of flax. ;U,. S. Dept. Agr., Bull.'1120:.'1-18. ' x-4 '+,'.^ 1 . 

„ ,26 0.1922.', 

Rickett, H. W. , Fertilization an■ Ann./Bot.'S?: 

225-259./. 5, 4. Ap 1923. 

' Ridgway, R. Some ebservations.'on the natural histoiy :Q£;',Costa' 
Rica. Smithsonian Rept.' 1921 ^:'.■303-324,. pL-4^31^23^ 



[VOL. 52 


246 BULLETIN OF THE TORREY CLUB 

Robinsonj B« L. The need of monographic activity in American 
botanical taxonomy. Science 11 . 57 : 307-311. ',16 Mr 1923. 

Rocki F. The chaulmoogra tree and some related species. 
A survey conducted in Siam, Burma, Assam and BeiigaL 
U. S. Dept. Agr. Bull. 1057: 1-29. pL 1-16. 24 Ap 1922, 

Rosen? H. R, Septoria glume blotch of wheat. Arkansas Agr. 
Exp. Sta. Bull, 175: 1-17./. 1-4, My 1921. 

Saffordj W. E. Ant acacias and acacia ants of Mexico and 
Central America. Smithsonian Rept. 1921 : 381-394. 
/. 1-7 + pi i-is. 1923. 

Safford, W. E. Daturas of the old world and the new. Smith¬ 
sonian Rept. 1920 : 537-567. /. j-jj + pL 1-13. 1922. 

Sargent, C« S. Manual of the trees of North America (exclusive 
of Mexico) 2d ed. i-xxvi, 1-910. /. 1-783. map. Bos¬ 
ton, 1922. 

Schneider, C. Notes on American willows—VIII, IX. Jour. 
Arnold Arbor. 1: 211-232. Ap 1920; 2: 1-25, J 1 1920. 

Schneider, C. Notes on American willows—XIL Jour. Arnold 
Arbor. 3 : 61-125. 0 1921. 

Setchell, W. A. Cape Cod in its relation to the marine flora of 
New England. Rhodora 24 : i-ii. pi 134. 8 My 

1922, 

Simpson, C, T. In lower Florida wilds, i-xv, 1-404. New 
York, 1920. (Illust.) 

Simpson, C. T. Out of doors in Florida, i-xii, I-4I2. M^iarni, 

1923. (Illust.) 

Soper, E. K., & Osbon, C. C. The occurrence and, uses of pea.t 

, ,i,n. the United .States. ,U. S. GeoL'Surv.' Bull, 728: i- .207. 

pi 1-18. 'T922. , ■ ■ 

Spegazzini,, C. Sobre 'un .hongo uruguayo ' niievo, ''Boletus 
„ , (BresadoUopsis) montivideensis'' Speg. Physis 4 : 107-112. 

, ' /. i-ix. 13 My" 1918; 

■.Stakman, E* C. " Barberry eradication prevents' black; rust in 
western Europe. . V. S. Dept. Agr. Circ. 269: '1-15,/* 

: ■ Ap .1923. , ■ , ■ 
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Stakmaiis E. C.^ Henry, A* W., Curran, G. C,, & Christoplier, 
W. N* Spores in the upper air. Jour. Agr. Res. 24 :599-606. 
pi ly 2. 19 My 1923. 

Standley, P. C. Botanical exploration in Central America. 
Smithsonian Misc. Coll. 74 ^t 63-70. /. 62-6g. 1923. 

Tanaka,“ T, A new feature of bud variation in Citrus, U. S. 
Dept. Agr. Circ. 206: 1-8. Ja 1922. 

Taylor, W. R. A morphological and cytological study of repro¬ 
duction in the genus Acer, Contr. Bot. Lab. Univ. Pennsyl¬ 
vania 5 : 112-138. pi 6-11. 1920. 

Tilton, G. H. Fern lover’s companion. 1-239. Melrose, 1922. 
(Illust.) 

Tisdale, W. H. The brown-spot of corn with suggestions for its 
control. U. S. Dept. Agr. Farmers Bull. 1124: 1-9./. 

0 1920. 

Transeau, E. N. General botany, i-x, 1-560, Yonkers-on- 
Hudson, 1923. (Illust.) 

Ulbrich, E. Malvaceae. [Plantae Luetzelburgianae brasilieiivses 
IV] Notizbl. Bot. Gart. Berlin 9 : 40-48. i Je 1924. 

Van Eseltine, G. P. The allies of Selaginella rupestris in the 
southeastern United States. Contr. U. S. Nat. Herb. 20: 
I59“"i72./- 63-70 + pi 15-22, 1918. 

Selaginella Riddellii and Selaginella hmnifusa described as new species. 

Wallace, E., & Whetzel, H. H. Apple scab. N. Y. S. Dept. 

Agr. Circ. 41:'252-259./. 1911. 

..Waller, A. E. , The' relation of ^plant succession, to' crop pro-. 
' .(liiction: a contribution to crop ecology. Ohio S. Univ. Dept.' 

' 'Papers 1.17: 1-74./.. i-15. ■ 20 Ja 1921. , 

Weaver, J« E.. The^ecological relations of roots.,; CarnegieTnst', 
Wash. Publ. a86: 'i-vii:,’1-128./. 1-58 ' pi' A--Cy :J-30, 

1919^''",; 

Weaver, J. E. Root development in the grassland''formation': 
a correlation of the root,'systems 'of native vegetation and 
crop' plants. Carnegie Inst.- 'Wash.. Publ.' 292.: 1-151,,./..' 

' ^-39 +' pl 'A-By i-23,'' ;i92o, 
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WeisSs OrtOHj C» R., & Hartman, R. E. Investigations of 
potato wart. L The varietal and species hosts of Synchy- 
trium, endobioticum. II. The adaptability and use of wart 
immune varieties of the potato in the quarantined areas of 
Pennsylvania. III. The stability of wart immunity. IJ. 
S. Dept. Agr. Bull. 1156: 1-22. /. 1-3 + pL 1-4. My 
1923, 

Wheelwright, R. comp. A reference table of hardy native ferns. 
Landscape Arch. 9 : 129--130. 1919. 

Wherry, E. T. Soil acidity:—its nature, measurement, and 
relation to plant distribution. Smithsonian Kept. 1920 : 
247-268. pi. I, 2. 1922. 

Wherry, E. T. Correlation between vegetation and soil acidity 
in southern New Jersey. Proc. Acad. Nat. Sci. Phila. 72 : 
113-119. 6 J 1 1920. 

Wieland, G. R., Two North American Cycadeoids. Canada 
Dept. Mines. Bull. 33: 79-85. /. <? + pi. g-12. 1921. 

C. St ember gii and C. Boesiana. 

Williams, C. F. Hybridization of Vilis rohmdifolia. Inherit¬ 
ance of anatomical stem characteristics. No. Carolina Agr. 
Exp. Sta. Tech. Bull. 23: 1-31. /. x-yS. Je 1923, 

Winston, J. R. Citrus scab: its cause and control, IJ. S. Dept. 
Agr. Bull. 1118: 1-39. /. 1-6 + pL 1-16. 26 Ja 1923. 

Winston, J. R., Fnlton, H. R., & Bowman, J. J. Commercial, 
.control of citrus stem-end rot.. U. S. Dept. Agr. Circ. 293: 
i-io. /. 1-7. O 1923. 

Wolf, F. A.' Wildfire,of tobacco. ' No. Carolina'Agr. 'Exp. Sta. 
Bull. 246': 1-26. /. j-7.. N 1922.. , 

Yampolsky,, C, A contribution'to the study of the oil palm, 
Ela.eis gtmteensis Jacq. Bulh.Jard. 'Bot. Biiiteiizorg'HI. St 
' ' , ,,io7”i,74, pl. 'i-if. O T922. 
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Studies on the pathogenicity, morphology, and cytology 
of Nematospora Phaseoli * 

S. A. WiNGARD 
(with plates 7-9) 

INTRODUCTION 

As a group, the yeasts have been regarded primarily as 
typical saprophytes which set up fermentation changes by the 
action of their enzymes upon carbohydrate materials. How¬ 
ever, the classic paper of Metchnikoff (’ 84 ) on phagocytosis de¬ 
scribes a yeast parasitic on the crustacean Daphnia, and more 
recently certain yeasts have been found to cause disease in plants. 

Our knowledge of the cytology of the yeasts is based on the 
studies of comparatively few investigators, whose results have 
been to a large extent contradictory. 

My studies have been directed (i) to the morphology and 
phylogenetic relationships of the group of yeasts with slender 
elongated ascospores; and (2) to the cytology of the ascus in 
Nematospora Phaseoli, 

Morphology AND phylogenetic relationships'of 

. : 'The..genus'' Nematospora h 'one ,o{' a series of yeast, genera 
which are'charaeterized 'by long needle-shaped,ascospores. ThiS; 
series'.'of :gene'ra'\includes Nematospora^ Monospora^ and' CoccidN 
ascus, ' Whether such a series represents a phylogenetic' imit, is 
difficult to determine;:, but ’ this'.is, stro'ngly' sugges.ted','by.' the,:" 

* Contributions from the Department of Botany of Columbia University, 
no. 359. Also to be reprinted''as■ Paper no.-' 65 'from the .'Department of P'lant 
Pathology, Virginia Agricultural Experiment Station.,,, ■ 

' [The Bulletin for May ($2: 181-248)' was .issued '7' June",,19"25',.'] ■, 



250 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


morphological characteristics of these genera. Moreover, the 
similarity of their habitats is very suggestive. 

The genus Nematospora was created by Peglioii in 1897, 
when he described the species N. Coryli. This species, according 
to Peglion, multiplies by budding in the cotyledons of hazel 
nuts and upon solid culture media, and produces asci from in¬ 
dividual bud cells. In liquid media budding ceases and a sterile 
mycelium is produced. The asci are cylindrical, 65-70 microns 
long by 6“8 microns wide, and contain eight needle-shaped asco- 
spores arranged in groups of four in each half of the ascus. The 
ascospores are one-celled, 2-3 mici'ons wide by 38-40 micx'ons 
long, and are equipped with a long flagelium-like appendage at 
one end. This appendage disappears during germination and 
the ascospore assumes the form of a short cell that may produce 
buds at both extremities. 

The species N, Lycopersici described by Schneider (^ 16 ) from 
tomato fruits, although agreeing with N. Coryli in its most es¬ 
sential characteristics, differs from it in certain respects. In 
N. Ly coper sici the asci, according to Schneider, arise from a con¬ 
jugation of two bud cells, and there is evidence that they may 
develop from single cells, especially in vigorously growing cul¬ 
tures. The ascospores agree in general in their structure and 
method of germination with those of iV. Coryli, 

Nowell Cl 7 ) described what he considered as four further 
species oi Nematospora, He designated these as i 4 , Ji, C, and 
D, Species A and B in my opinion should not be regarded as 
species, of Nematospora, They never multiply by Ixiidding, ac¬ 
cording to Nowell,' and their so-called' sporangia contain a very 
large number of spo,res which show a wide divergence in size, anc,l 
other characteristics from the ascospores of Neniatospora, As 
Nowell points out, Species B agrees closely with the desc.riptio',n 
of Eremothecinm Cymhahriae as given^ by 'B.orzi and Arnatid, 
and I believe he.is justified in co.nsidering it the same or a very 
closely related species. The agreement is most .marked in the', 
'matter of the number and arrangem.ent of the, spores in the,, so- 
called sporangium. Noweirs'and 'X? bear "awery .close, 
resemblance to CcitNematospora of Peglion and Schneider, 

and";.in' my .opinion clearly^falh'under, ,the, gmus N^ 

The ascospores'are, feria.€d',in, two equal bundles'in' the opposite 
halves of the ascus. . They .possess the. general'characteristics, of 
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the ascospores of Nematospora Coryli and N. Lycopersici, in¬ 
cluding the whip-like appendage. In germination the upper 
half of the ascospore (remote from the appendage) takes no 
visible part in the process. Nowell denies the existence of a 
septum at the middle region of the ascospore and yet he states 
that at the time of germination the ascospore wall just below 
its middle region swells into a sphere, from which germination, 
takes place. This germination may be in the form of a germ 
tube or in the form of yeast-like budding, depending upon the 
conditions under which the ascospores are germinated. 

The asci in Species C are intercalary in the cells of the hypliae. 
Ill Species D the asci may be formed by growth of the cells of the 
hyphae, but they are usually produced from single bud cells. 
The ascospores in this species sometimes germinate directly 
into asci. The thallus of Species D is typically yeast-like, where¬ 
as that of Species C is a dichotomously branched mycelium. 

The genera Monospora and Coccidiascus have certain char¬ 
acteristics in common with the genus Nematospora. Monospora 
bicuspidata, '‘‘the only species of this genus, was described by 
Metchnikoff (’ 84 ) from the body cavity of a Daphnia species, 
where it multiplies as a yeast. Its long cylindrical avsci arise 
from the individual yeast cells and contain a single needle- 
shaped ascospore. The germination is like that in Nemato- 
spora^ that is, a chain of yeast cells is produced from the middle 
region of the ascospore. The ascospores are apparently one- 
'celled. 

Coccidiascus Legeri multiplies by ordinary yeast budding and 
lives as a parasite in the intestinal cells of Drosophila funebris. 
The banana-shaped, .asci apparently -arise from-' the. conjugation 
of two yeast cells,, and contain eight needle-shaped-ascospores 

* This specific name was written, apparently through inadvertence, as 
Monospora cuspidata Metchn. by Zopf (Die Pilsse, 1890) and the error has 
been perpetuated by-Lindner,'Saccarclo, and others down to GuilHermond 
and Tanner (^ 20 ). dtis explicitly stated by'Metchnikoff (’ 84 , p. ,181) That-he- 
adopted the specific tizmt Ucuspidata because of the fact that the spores are 
pointed at both ends, and this original form of the name is confirmed by 
Madame Olga Metchnikoff, in'her .biography of her'husband,,, both'-.'in'the' 
French edition and in her English translation (London, 1921). As this Is 
the sole-species-of the genus, there could be'no valid excuse'lor-,''ch,a'ngi,ng'''the' 
specific name. Metchnikoff’s'generic,'name' is antedated'' by the:-algal -genus 
Monospora Solier (1845) of the Geramiaceae, but even in that genus no specific 
'name resembling' bicuspidata m^t&corded, editor. 
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arranged side by side in a single group. The ascospores of tins 
species, like those of Monospora bicuspidata, are one-celled aiid 
without an appendage. 

Other organisms that resemble Nemaiospara in one or more 
points are Eremothecium Cymbalariae Borzi (^88) with slender 
spores arranged in two opposite bundles in the so-called sporaii“ 
gium; Protascus subtdiformis Dangeard (^ 03 ) with long slender 
spores, and a somewhat similar arrangement in the so-called 
sporangium; Endomyces capsularis Schi^nning (’ 03 ) with asci 
formed intercalary in the mycelium, and ascospores that ger¬ 
minate either by budding or by sending out a germ tube, or, 
under special conditions, by producing an ascus direct; and En^ 
domyces javanensis Klocker (’ 09 ) with asci that seem to form 
indifferently from yeast cells or at the expense of some cell in 
the mycelium, and ascospores that germinate either by budding 
or by forming a germ tube. 

Five species of Nematospora have been described, namely, 
N, Coryli Peglion, iV. Lycopersici Schneider, N, Species C and D 
Nowell, and N. Phaseoli Wingard. These species show a re¬ 
markably close similarity in all their morphological character¬ 
istics, and the few minor differences that exist may fall well 
within the limits of the variations of species. In the genus 
Monospora^ ssfiida the species MdbicuspidaiaMttchnikoEf and in 
the genus CoccidiascuSyWith the species C, Legeri Chatton, one 
finds forms that are very similar, both in their yeast-like develop¬ 
ment and in the character of ascospores produced. I am, there¬ 
fore, convinced . that these genera as noted are closely related to 
the genus Nemutospora, 

The genera Protascus and Eremothecium bear some resem¬ 
blance to the genus Nematospora^ but they must be studied more 
critically before one can be justified in making a "definite state¬ 
ment as to their taxonomic position. 

■We,are now confronted with the question as to whether the' 
genus should be- referred to the Saccharamycetes. 

Peglion (’ 97 , ’01) in establishing the genus, did not hesitate to 
■ assign itto the Saccharomycetes. Hansen ,(’ 04 ) however,,placed it" 
with the \ genus Monospora^ and 'considered, both/genera as 
doubtful Saccharomycetes, ' Schneider agrees ,with -Peglion 'as to 
the relationships,of the genus; Nowell,.on.the.other Hand, .regards', 
the fruiting body of Nematospora ns a'sporangium., and',for that. 
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reason states that the genus should not be referred to the Sac- 
^charomycetes. Guilliermond ( 42 ) places the genera Nemato¬ 
spora, Monospora, and Coccidiasctis in the fifth group of his clas¬ 
sification of the Saccharomycetes, and designates them as budding 
yeasts with uncertain affinities. 

My cytological studies of Nematospora Phaseoli show that 
its spore bearing body is undoubtedly an ascus. It seems, 
therefore, that NowelFs argument against placing the genus 
under the Saccharomycetes may be disregarded. Furthermore, 
practically all of the characteristics of Nematospora find paral¬ 
lels in one or more genera of the Saccharomycetes. I thoroughly 
agree, then, with Guilliermond in referring the genera Nemato- 
spora, Monospora and Coccidiascus to the Saccharomycetes. 

Morphological studies on Nematospora Phaseoli . 

My own observations confirm the general conclusions just in¬ 
dicated as to the characters and relationships of this group of 
yeast-like genera. 

As previously described (Wingard, ’22) Nematospora Phaseoli 
was isolated from diseased Lima beans {Phaseolus lunatus) from 
eastern Virginia in 1921. A number of Isolations have been 
made from Lima beans from different parts of Virginia and some 
of these isolations have been maintained in pure culture for 
more than three years. Monospore cultures were obtained by 
the use of the Barber pipette, and all reasonable precautions 
have been taken to keep the cultures pure. 

Methods 

Beer wort agar’^ has been most generally used in my culture 
studies of Nematospora Plmseoli. For poured plates and', slants 
10 to :I5 cc. of, this medium were employed. In'the study of 
giant colonies 50 cc. were placed, in 150 cc. 'Erlenmeyer, flasks. 
The vegetable slants'were 'cut out with a three-eighths'inch cork 

Beer wort agar is prepared,.as follows;'.Soak 200grams,of'crushed ma!t,^in:a 
liter of cold'Water and,, slowly, heat to a, temperature'of 60® C.''' Shake'o,nGe in 
a while and after 45 minutes add 4 grams of hops; boil for an hour and filter. 
Add distilled'water to make the filtrate up to a.liter and.'then ■.■add'.:! 5 grams'' 
of agar agar, and gradually bring'.it Into'solution.,' Filter,'. a.nd ,s.t.e'riiize in 
„ autoclave at 15'pounds pressure for 20 minutes'. '. "The beer .;Wort is the same 
'as the above minus'agar agar.,, 
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borer. All vegetable material was sterilized in the aiitocku^e at 
15 pounds for 20 to 30 minutes, with the exception of tomato 
fruits which were used uncooked. 

Beer wort agar and fresh slants of garden beet, sweet potato, 
Irish potato, turnip, radish, carrot, parsnip, and green soap 
bean pods are very favorable media for both vegetative growth 
and ascospore formation. Sliced ripe tomato gives a fairly 
good growth. Whey agar, beef peptone agar, Czapek agar, 
corn meal agar, and Pfeifer’s nutrient solution, with or without 
sugar, plus 1.5 per cent agar are very poor media. Of the liquids 
tested, beer wort, tap water and distilled water were found to 
give the best development. Pfeifer’s nutrient solution gave no 
growth at all. 

The vegetative phase of this species is typically yeast-like as 
a rule, but under certain conditions a mycelium is produced. 

On beer wort agar plates at a temperature of 28 to 30° (h, the 
colonies appear in 36 to 48 hours. They are convex, circular, 
with entire margins and smooth surface, opaque, dull. The 
internal structure is finely granular. The colony is cream colored 
at first but gradually turns brown with age. The maximum di¬ 
ameter of the colony is about 18 mm. and is attained in four to 
seven days. Asci and ascospores are produced in great numbers 
in 48 to 72 hours. After about a week the colony becomes sur¬ 
rounded by a border of mycelial growth, resulting from the ger¬ 
mination of ascospores within the colony. 

On beer wort agar slants, growth is abundant, slightly fili¬ 
form in appearance, raised, clull, cream colored, opaque, con¬ 
toured, with a butyrous consistency. The entire slant,is covered 
in^ about'a week.' ' 'Mycelial branches develop on the sidcvS of tlie 
test tube surrounding the margin, of the slant. Chant colonies, 
„grown,on '50 cc, lots of beer wort agar.in 150' cc. Erlenmeyer 
flasks, attain a diameter of 75 mm. in 30 days. 

Growth in liquids is not so .abundant as it is on solid media. 
In beer wurt (solution) the growth is fairly slow but may ap¬ 
parently take place either on the surface or at the bottom of the 
liquid. In some cases a ring is formed on'the sides of the test 
tube just at the surface of 'the liquid and the lea,st jar is sufficient, 
to cause the,cells to settledo the .bottom of the tube.'", In'.other 
cases the,, growth apparently takes'place..'at''.the bottom' of" the 
tube,: no "development being visible at the surface.,'of the solution. 
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The growth in beer wort is typically yeast-like, but occasionally 
short mycelial filaments can be found. Practically no asci and 
ascospores are developed. 

In distilled water and also in tap water, a flocculent growth is 
made at the bottom of the liquid. This is composed almost 
entirely of mycelial filaments. Some are sterile and only rarely 
septate, while others are septate and bear intercalary asci which 
contain ascospores. The growth in very dilute beer wort is very 
similar to that in distilled water, but more yeast cells are pro¬ 
duced than in the latter. 

The organism produces a distinct alcoholic odor when grown 
in beer wort, and on beer wort agar and also on the vegetable 
media mentioned above. 

The yeast cells multiply by budding, and it is not uncommon 
to see fifteen to twenty cells still attached to each other. The 
cells vary from a small ellipsoid type to large oval ones. The 
ellipsoidal cells measure from 5 to 14 microns by 2 to 10 microns 
and predominate in young cultures. The spherical cells measure 
from 10 to 20 microns in diameter and are very numerous in old 
cultures. They develop from the small ellipsoidal cells, and 
correspond to the arthrospores of Schneider. 

Asci and ascospores are produced in great numbers in the 
cotyledons of Lima beans and also in favorable culture media 
such as beer wort agar or slants made from sweet potato, garden 
beet, etc. The asci arise from individual bud cells. They are 
cylindrical with rounded ends, 60-85 microns by 10-12 microns; 
ascospores eight, in two groups of four, 40-46 microns by 
2'.5'“3 microns, slender,.' i-septate,' slightly ridged . at .septum, 
apex acute, base extended into a-slender non-mo tile appendage 
about one and one-fourth times the length'of the ascospore. In 
old cultures and sometimes'Under- other conditions less'Than 
eight ascospores are-formed in-^ the asci. 

TEMr»ERATURE RELATIONS 

The minimum temperature for the growth of N. Phaseolioxi' 
beer wort agar is about 15° C,; the optimum, 25 to 30® C. ; and 
the maximum, 40° G. The minimum temperature for ascospore 
formation is about 18*^ C.; the optimum, 25 to 30° G.; and the 
maximum, 34*^ C. "■ Cultures--grown:at-a tem'pera-ture,,o,f':-3'5"to 
37.5/^,C. produce a fine type of'yeast,fro'm'the^'S'tandpoint'of-i^ 
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budding. These cultures lose their spore-forming power if sub¬ 
jected to this temperature for a very long time. The same thing 
occurs when a culture is left too long before being transferred to 
fresh media. Two of my cultures were allowed to go for about 
a month on beer wort agar slants before being transferred. They 
lost the power to form spores in that short time. These cultures 
have been grown on various media for the last two years but not 
a single spore has been observed. They produce mycelium 
under the conditions described above, but they multiply pri¬ 
marily by budding as true yeasts. 

Pathogenic yeasts 

The discovery of parasitism among the yeasts should perhaps 
be credited to the French physician, Dr. Maurice Raynaud (* 69 ), 
who described and figured a yeast like organism, which he com¬ 
pares with Oiditim albicans and Saccharomyces Cerevisiae, as 
regularly found in connection with the malady called black 
tongue. Raynaud raised the question as to whether the yeast 
actually caused the hypertrophy, but expressed the opinion that 
the latter merely furnished a condition favorable for the growth 
of the parasite. It is probably the same organism which was de¬ 
scribed as Saccharomyces linguae-pilosae by Lucet (’01) in an 
account of this disease. According to Gu^iien (’ 09 ) and 
Thaon (’ 09 ), this yeast acts only in association with Oospora 
lingualis. There is said to be a symbiotic association between 
these two organisms. 

Metchnikoff (’ 84 ) in the paper referred to above, reported the 
discovery of the yeast Monospora bictispidafa in the body cavity 
of,a crustacean (Daphnia) causing a typically diseased condition. 
The' transparency of this crustacean enabled Metchnikoff to 
follow with great accuracy .the interrelation of host and parasite, 
and the entire process of infection. He thus made the memor¬ 
able discovery of phagocytosis which has since, played such,, an 
important role in medical science. 

Since the, ■ appearance of 'Metchnikoff’s report,, numerous 
other yeasts and ye.ast-like fungi have'been reported aS'parasites 
on both man and animals. Endomyces albicans^ according to 
.Giiilliermond X^,12), has been found to'produce., lesions ■ in man. 
■It, is'..now' supp.osed to be the. caus'al agent of'the'dis,ease know,ii 
■'as thrush, and' this or a similar organism .'has'also; been found in 
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lung infections by Simon (’ 17 ), Bircli-Hirclifeld (’ 75 ) and 
Castellani (’ 13 ). Ashford (’IS) in studying the etiology of the 
disease known as sprue has announced the constant presence of 
a yeast like organism in the digestive tract. He thus confirms and 
extends the results of Bahr (’ 14 ), Kohlbrugge (’01), Le Dan tec 
(’ 08 ) and others, all of whom had previously isolated fungi of 
the Oidium albicans type from sprue patients. Ashford’s or¬ 
ganism was named Parasaccharomyces Ashfordi by Anderson 
(’ 17 ) who also isolated another species, similar in physiologic 
properties, but differing in morphologic characteristics. The 
yeast-like organism, Cryptococcus farciminosus, discovered by 
Rivolta (’ 73 ) and more thoroughly studied by Rivolta and 
Micellone (’ 83 ) as the cause of farcy or African glanders in horses 
and mules, has been discussed by several other investigators in 
southern Europe and Japan. 

A number of yeasts have been described in tumors of various 
kinds. One of the most characteristic of these is the yeast 
Saccharomyces subcutaneus tumefaciens, described by Curtis 
(’ 96 ) from a tumor of the hip and also from a lumbar abscess in 
man. Saccharomyces parasitaris was described by Trabut (’ 91 ) 
from the grasshopper Acridium perigrimmi upon which it is a 
parasite. The yeast Coccidiascus Legeri was described by Chat- 
ton (’ 13 ) as an active parasite in Drosophila f unehris. Crypto¬ 
coccus Anobii was discovered by Escherich (’00) in the cells of 
the intestinal wall of the larva of Anobium paniceum, Sac¬ 
charomyces apiculakis parasiticus has been described by Lindner 
(’ 95 ) from the body of Aspidiotus nerii, and a very vsimilar species 
causes a 'fatal disease among . caterpillars. Saccharomycopsis 
gutiidatus hm been studied 'l>y Buscalioni (’ 96 ) and'Wilhelmi 
(’ 98 ). ,It.seems to'live as 'a true, parasite in,the intesti.nal canal 
of .birds,..reptiles,'.and.mammals.. These'causes may serve to give 
a' general' .conception of the- pathogenicity of yeasts and .yeast- 
like' fungi :in Te'l.atio,.n.'to ■animals.-' A ■ somewhatextended re¬ 
view .of the, earlier .work in .this field'.is to be-found in a paper 
by Viiillemin (.’01)'. 

Peglioii. (’ 97 ) waS'■ the ' firstto' report a parasitic ..yeasto,n'' 
plants.' He' described ;a -yeast' -from diseased., lia'zel -. nuts' i'n. 
Italy, and. created 'the' genus; species' 

Schneider (’ 16 ) described-,a'second', species of 'this'genus, Nema- '. 
tospora'Lycopersicif from;.diseased^'tomato.'fruits -.in-California.' 
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Nowell (^ 15 ) isolated four fungi from diseased cotton bolls in the 
British West Indies during* the seasons of 1915 and 1916. These 
fungi were described by Nowell (’ 17 ), and designated, as Species 

B, C, and D, He considered them as closely related forms 
and states that Species C and D are clearly related to the 
Nematospora species described by Peglioii and Schneider. Ac¬ 
cording to Nowell (’ 17 ), M. S, F. Ashby, sometime microbiologist 
in the Jamaica Department of Agriculture, independently dis¬ 
covered Species A and B in cotton bolls in Jamaica; and Bartlett 
(’ 07 ), Government botanist in British Guiana, obtained Species 
A from cotton bolls, and probably saw the spores of Species C 
or D in that country in 1907. 

Eremothecium Cymbalariae, a fungus considered by Nowell 
as agreeing exactly with his Species B, was described by Borzi 
(’88) in Italy as a parasite on the capsules of Linaria Cyntba- 
laria. This fungus was redescribed by Arnaud (’ 13 ) in France 
as a parasite on the fruits of Cachrys laevigata. It should be 
noted at this point that Arnaud described and figured two types 
of fruiting bodies and spores from hfs cultures. His macro¬ 
sporangia and macrospores closely resemble the asci and asco- 
spores of Peglion's Nematospora Coryli. He no doubt hacl a 
mixed culture. 

Nematospora Phaseoli was discovered by the writer (’22) in 
diseased Lima beans from eastern Virginia in 1921, and since that 
time it has been found to occur more or less generally in fourteen 
Virginia counties. It has been found once in Lima beans from 
Tennessee and several times in Lima beans from Alabama. 
Anderson (’ 24 ) also found this species in Lima,beans in Illinois 
in 1923. The frequency, therefore, with which this species is 
found in Virginia and Alabama indicates that it is of rather gen¬ 
eral occurrence in those states; and it is believed that a more 
careful survey will reveal its presence in other Southern States. 

The several species of Nematospora an,d Nematospora 4 ike 
fungi have now been found in the fruits of a considerable variety 
of plants. The hosts as reported thus far are shown in Table I. 

The leguminous plants are predominant in the list, and with 
the exception of cotton and tomato are'themost important from 
an economic standpoint. My studies indicate; that the small 
Lima or Sieva bean is the most susceptible host ior Nematospora 
: The larger types of Lima beans'ure susceptible but, 
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as a rale, the infection is less severe. . Infection of Bird-eye beans^ 
Black-eye cowpeas and sweet potato has been observed but once. 
It should be noted, nevertheless, that the Bird-eye bean and 
cowpea seed showed a high percentage of typical infection and 
the sweet potato showed an abundant growth of the yeast. No 
difficulty was experienced in isolating Nematospora from these 
specimens. In pure culture these forms appear to be identical 
with that from the Lima bean. 


Table i.—Host plants of Nematospora and Nematospora-hiKE fungi 
Host Pathogen 

Corylus avellana (Hazel bush).... .N. Coryli Peglion 

Lycopersicum esculentuin (Tomato)__ . N. Lycopersici Schneider 

Lycopersicum esculentum (Tomato).Species A, B, D, Nowell 

Phaseolus lunatus (Lima bean).... N. Phaseoli Wingard 

Phaseolus lunatus (Lima bean)..........Species D, Nowell 

Phaseolus vulgaris (French bean). .......Species D, Nowell 

Phaseolus vulgaris (Bird-eye bean).N. Phaseoli Wingard 

Ipomoea Batatas (Sweet potato).N. Phaseoli Wingard 

Vigna catjang (Rounceval cowpea).......Species A, D, Nowell 

Vigna sinensis (Black-eye cowpea).N. Phaseoli Wingard 

Dolichos Lablab (Bonavist).Species D, Nowell 

Ganavalia gladiata (Sword bean).Species D, Nowell 

Crotalaria retiisa.Species D, Nowell 

Crotalaria juncea (Sunn hemp).Species D, Nowell 

Tephrosia spp.Species D, Nowell 

Indigofera spp.Species D, Nowell 

Cassia spp........Species D, Nowell 

Gossypiuni spp. 

(Annual & perennial cottons).... .Species A, B, C, D, Nowell 

Ricinus commuiiis (Castor oil bean).Species D, Nowell 

Jatropha ureris ..... .Species ,D, Nowell 

Momordica charantia (Coolie pepper).., ..Species D, Nowell 

Asclepias curassavica. ....Species I), Nowell 

Citrus,.sinensis (Sweet orange). ,.Species D, Nowell , 

Linaria Cymbalaria... Eremotheciuni Cymbalariae, Borzi 

Cachrys laevigata . '... Eremothecium Cymbalariae Borzi 

Cachrys laevigata .. .N. 'Coryli' Peglion (?) 


Severity ' O'F,'. infection anD' economic importance '■ 

As shown in the table above, the fungi of tht.,Nematospora. 
type are capable of infecting the fruits of a wide range of plants, 
A brief, summary: of ' the.Teports' given by' various authors'shows 
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the economic importance of these diseases. Peglioiij for in¬ 
stance, states that he examined a large number of hazel nuts in 
Italy during the seasons of 1897 and 1901 and a fairly high per¬ 
centage of spoiled nuts was found. He reports one case in 
which 25 per cent of the nuts were spoiled. Schneider had no 
opportunity to determine the extent of injury on tomato fruits 
because he was uncertain as to the source of the affected fruits. 
Nowell, on the other hand, finds Nematospora infection fairly 
common on tomatoes in the British West Indies. There is 
evidence, therefore, that infection is not uncommon on tomatoes 
in the tropics. The results of Nowell’s studies show also that 
the Nematospora diseases are of considerable economic impor¬ 
tance on the fruits of many other plants in the British West 
Indies. The losses in the case of cotton often run as high as 
20 per cent in the early picking season and increase to almost 
ICO per cent for the late picking season. Nowell states, how¬ 
ever, that the prevalence of infection is much greater in some 
islands than in others, and much greater in some seasons than in 
others. 

My observations have been limited to cases of infection of 
Lima beans {Fhaseolus lunatus), Bird-eye beans {Phaseolus 
vulgaris), Black-eye cowpeas (FigTO sinensis), and sweet potato 
(IpomoeaBatatas) , Of these hosts, the small Lima or Sieva bean 
is the most severely affected. Infection of the large seeded va¬ 
rieties of Lima beans is, as a rule, slight as compared with that 
of the Sieva type with small seed. Cases of infection range from 
those in which only small spots are produced to those extreme 
cases in which the entire seed is involved. In York County, 
Virginia, where the disease is most common, severabgrowers have 
experienced such heavy losses that they no longer attempt to 
grow the Sieva bean. Losses have been found to range from a 
trace to '90 per cent of theerop, but, as a rule, they do not exceed, 
10 to 20 per cent. Although infection is slight during the early 
part of the season, it becomes very severe during August and 
September. 

„ My observations of infection on the ..other hosts named above 
have' been, too .limited to justify'any,'definite .estimate 'of'the' 
losses sustained, but .the cases observed^ indicate that these hosts 
are,subject toaevere injury. It seems, that the'imd.erground 
habitat of the'sweet potato, should p.rotectit against infe'ction 
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ill the field, but Nematospora may prove capable of producing a 
wStorage rot. Its luxuriant growth on sliced sweet potato suggests 
this as a possibility, but whether this actually is the case remains 
at present only a matter of conjecture. When one takes into 
consideration the wide range of its distribution and the large 
number of hosts, together with the severity of infection, Nema¬ 
tospora must be recognized as a parasite of considerable economic 
importance. 


Infection studies 

Peglion obtained no decisive results in inoculating the mature 
cotyledons of hazel nuts with Nematospora Coryli, Schneider 
apparently made no inoculations on tomato fruits with Nemato¬ 
spora Lycopersici. Nowell made a number of inoculations on 
green cotton ho\\s with Nematospora (Species jD), and succeeded 
in getting infection when the bolls were punctured with a needle 
which had been previously dipped into an agar culture of the 
organism. 

Infection with Nematospora Phaseoli has been obtained re¬ 
peatedly on Lima beans of the small Sieva type under both 
greenhouse and field conditions. Atomizing the young pods 
with an aqueous suspension of the organism failed to produce in¬ 
fection. Negative results were also obtained when uninjured 
pods were smeared with a pure culture of the organism; but in¬ 
fection was readily produced in the seed when the pods were 
punctured with a fine needle, previously dipped into a pure cul¬ 
ture of the yeast. The pods were carefully washed with a i to 
1000 bichloride solution and allowed to dry before being punc¬ 
tured. Inoculations made in this manner resulted in infections 
that . closely resemble those that occur under natural conditions. 
'The. characteristic: symptoms'were .evident within two to three 
days, after;inoculation,' and were quite conspicuous within seven 
to ten days.' '. . ■ ■ 

Similar inoculations failed to produce infection of garden 
hems (Phaseolus vulgaris). Tomato fruits growing in the 
greenhouse were also inoculated but no infection occurred. It 
was found, however, that ascospores were formed in the fruits 
that were'allowed to become .’thoroughly; rip:e...'. '";The. sliced'"ripe' 
fruits make a fairly good medium fpr the growth of the organism. 
Inoculations were made on another series of green tomato fruits 
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growing in the greenhouse. Three species of Nematospom were 
employed in this experiment; namely, N. Phaseoli from Lima 
bean, N. Sp. D, Nowell, from cotton, and N. Sp. 1 ), Nowell, 
from tomato. Eighteen fruits were inoculated, six with each 
culture; and each fruit was punctured at six different points, 
making a total of thirty-six inoculations with each species. 

These fruits were examined as soon as they were thoroughly 
ripe, but the organism was found in only one of them. This 
proved to be one of those that had been inoculated with Sp, Dy 
Nowell, from tomato. The puncture had healed over, but in a 
small area near the surface of the fruit the organism was still 
present. The other punctures appeared the same as those in 
the controls. The temperature, wiiich is no doubt an important 
factor in infection, was low^'er in the greenhouse than it usually 
is in the field during the summer months and this probably had 
some influence on the results obtained. 

The role of insects in infection 

Peglion st'dtes thdit Nematospora lesions on young hazel nuts 
are mostly near the micropyle, and expressses the opinion that 
the parasite enters by way of the style before the pericarp 
becomes woody. This may be true but the type of lesion de¬ 
scribed by him on the cotyledons of the hazel nut strongly sug¬ 
gests insect punctures as the portal of entry. Nowell (T 7 , ^20) 
and his associates have found that Nematospom infection in 
cotton bolls and the fruits of many other plants is accomplished 
only by the punctures of certain insects; namely, the cotton 
Stainer (Dysdercus delauneyi), the green bug (Nezam tnridtda), 
the leaf-footed tomato bug (Leptoglossus baMeatiis ), and the red 
tomato hug (Phthia picta). The first two are the most im¬ 
portant. 

Natural infection of Lima beans and cowpeas with Nema- 
tospora Phaseoli in my experience is apparently entirely de¬ 
pendent upon the puncture of the green bug {Nezara hilaris*). 
This insect' Is always present wherever infection occurs,' and the 
lesions on the cotyledons always develop around,its punctures., 
The,severity of infection, depends 'directly upon the number, of 
insects present;'a'nd .this fact, together with high'temperature,,, 

* Specimens of 'this insect were identified by ,D,r.,, Herbert' Osborn, of Ohio 
State University in 1923, 
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explains why the percentage of infection is so high during the 
latter part of the season.' 

Nezara viridula^ an insect almost indistinguishable from 
Nezara hilaris, feeds upon pecans in the Southern States and 
produces a disease, known as kernel-spot.' The lesions of this 
disease are so similar to those of Nematospora infections on the 
fruits of other plants that the writer at one time was of the 
opinion that perhaps Nematospora was associated with the kernel- 
spot disease. The fact, too, that kernel-spot is most .severe in 
groves where cowpeas are grown as a cover crop supports this 
view. With these facts in mind, several lots of affected pecans 
from Georgia were examined but Nematospora not found. 
Platings were also made from some of themost typical lesions, 
but failed to develop. 

Insects as carriers of "infection ' 

The cotton stainer (Dysdercus delauneyi), the green bugs 
(Nezara viridula and Nezara hilaris), the leaf-footed tomato bug 
(Leptoglossus baUeatus)j and the red tomato bug (Phthia picta) 
are so closely associated with Nematospora infection on the 
various hosts that they appear to be carriers of infection. To 
test this point, Nowell collected Dysdercus delauneyi, Nezara 
viridulaj Leptoglossus halteatus and Phthia picta from fields where 
Nematospora infection was common on cotton and placed them 
on caged plants with healthy bolls. The punctures made by 
these insects into the caged bolls resulted in typical Nematospora 
infection in the majority of cases, and an examination revealed 
the presence of the organism. According to Nowell, Edessa 
meditabunda also feeds on cotton bolls and the fruits of many 
other plants in the British West Indies, but he has never suc¬ 
ceeded. in getting infection from its punctures on caged plants. 

, I have .co.nducted', similar' experiments' with Nezara ' hilaris.': 
.Speci.mens of ' this insect were collected from'■' gardens where 
Nematospora iniection WHS present 'OU' Lima beans /and'were 
transferred to another section and placed on caged plants with 
disease-free pods. The pods on these plants when examined 
two weeks later showed numerous punctures and the punctured 
seed showed typical infection. The organism was readily found 
in,.the"lesions■ around, the punctures..' 

' These results/indicate',that"is' ,carried"'by, ','the 
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above named insects, but whether it is carried ieternally or ex-^ 
temally remains to be determined. Nowell has attempted to 
isolate it from Dysdercus delauneyi and Nezara iritidula lint with¬ 
out success, and I have had the same experience with Nezara 
Mlaris. Other yeasts and yeast-like fungi are very readil}/ 
obtained from this insect, but I have consistently failed to isolate 
Nematospora Pliaseoli. I am inclined, iiervertheless, to believe 
that these insects are themselves infected with the organism. 
The negative results obtained thus far are very proliably due to 
improper technique. 

The relation of host to parasite 

Infection is apparently restricted to the fruits of the several 
hosts of Nematospora, not a single case being reported as yet 
where any other portion of the plant is affected. This suggests 
that infection is dependent upon the presence of an abiuidant 
supply of available carbohydrates, such as is found in fruits and 
in the fleshy cotyledons of certain seeds. 

My studies of Nematospora PhaseoK have shown that in¬ 
fection may occur at any time during the development of the 
Lima bean seed, but in order to cause much injury it must take 
place before the seed is half grown. In case of early infection 
the seed may either be killed outright or only severely stunted 
in its development. If infection occurs near maturity only 
small lesions are produced on the cotyledons and the seed is not 
materially injured. In the majority of cases the testa remains 
intact and the affected region is wrinkled, somewhat sunken and 
of a dark-brown color. In rare cases the testa is ruptured at tlie 
point of' infection and a crater-like lesion is produced on tlie 
surface' of the cotyledon. The affected tissues are collapsed, 
'grayish-brown ■ in color and granular in texture. The cells in 
tha affected region apparently are low in starch content. 

Cytology of the yeasts 

■Although our knowledge of the cytology of the yeasts'/has. 
been greatly advanced during the'last quarter of a century,"it is 
still on a rather unsettled basis.. .The much discussed'problem, 
as to.' whether or not yeast cells.'p'Ossess a typical''nucleus'''has 
finally been answered in the affirmative, but beyond this point 
our knowledge is quite vague.'.,'There is, however^ considerable 
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divergence in this respect between the widely different groups 
now included under the general conception of the yeasts. Of 
these groups, the cytology of that of Schizosaccharomyces is most 
completely understood. 

The exact method of nuclear division may be said to be a 
matter of dispute for all yeasts. Some investigators contend 
that it is always amitotic; others are of the opinion that it is 
amitotic at the time of budding and mitotic in the ascus during 
ascospore formation; while still others contend that it is mitotic 
for both processes. Furthermore, such points as the type of 
spindle, presence or absence of astral rays, centrosomes, chro¬ 
mosomes, etc., for most yeasts remain as yet practically un¬ 
touched. Then, too, our knowledge of the nuclear phenomena 
involved in the origin of the ascus and the manner of ascospore 
formation cannot be regarded as settled yet for any single yeast. 

Presence of a nucleus 

Following the discovery of the cell nucleus by Robert Brown 
in 1831 and Meyen in 1826 , and the development of the concep¬ 
tion of protoplasm by Von Mohl in 1846 , and others, the cellular 
make-up of the common brewers’ yeast (Saccharomyces Cere- 
visiae) was an object of considerable study, particularly as to 
whether its cells have a nucleus. We can recognize in this con¬ 
nection two groups of observers: (i) those who, like Nageli (^44), 
Schleiden (’49), Schmitz (’79), Strasburger (’84, p. 158 ,/. 77 ), 
Zalewski (’ 86 ), Hansen (’ 86 ), Zacharias (’87), Moeller (’92, ’93), 
Janssens and Le Blanc (’98), Dangeard (’93, ’94), Buscalioni 
(’96), Maffucci and Sirleo (’95), Hofmeister (’ 00 ), Boxiiii (’98), 
Errera (’98), and Hirschbruch (’ 02 ), reported as nuclei granules 
or bodies.in various positions.. in the yeast cell;' and' ( 2 ), those' who, 
like Krasser (’85), Hieronymus (’ 93 ), Stecks 6 n (’ 01 ), and Wager 
and Peniston (’ 10 ), reported chromatic granules or other aber¬ 
rant structures as substitutes for the nucleus. Briicke (’98), 
Raum (’91), and Macallum (’95) denied the existence of nuclei 
in the cells of brewers’ yeast. The more recent studies of 
Guilliermond (’ 02 ), Swellengrebel (’05), Fuhnnann (’ 06 ), and 
others have shown that the yeast nucleus in all of its general 
characteristics is comparable to that of the highef fungi. 
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Division of i'he nucleus 

On the c|iiestion as to whether the reproduction of tlie yeast 
nucleus is by direct or indirect division, we can, ag'ain distingiiish, 
as noted above, several classes of co.ntent'ions in the !it:eratiire: 
(i) those of Dangeard, Hofrneister and othe,rs, who hold that 
nuclear division is direct at the time of budding; (2) those of 
Janssens and Le Blanc, and Bouin, who hold that it may l:)e either 
direct or indirect for budding, but is always indirect for asco- 
spore formation; (3) those of Swellengrebel, and Fiihr,mann, who 
hold that it is indirect for budding; (4) those of Hirscli!,:)ri!cli, who 
holds that it is indirect for both budding and ascospore formation; 
(5) those of Wager and Peniston, and Kohl (^ 07 ), who hold that 
it is direct in both budding and Uvscospore formation; and (6) 
those of Guilliermond, and Biiscalioni, who contend that it is 
direct for budding and indirect for ascospore formation. 


Existence and number of chromosomes 

Wager (^ 98 ) studied nuclear division in the asci of Smcharo- 
myces Cerevisiae, S, Ludivigu^ dsid S, pastoriam and observed 
deeply stained granules which he was inclined to call chromo¬ 
somes; but in 1910 he and Peniston, after repeating these studies, 
make the following statement: “We are not now inclined to lay 
any stress upon the suggestion (Wager, 1898) that the chromatic 
granules are chromosomes. The whole process appears to be 
one of direct division or fragmentation, in which nothing in the 
nature of a spindle figure or definite chromosomes can be o!)- 
served.’y, ^ 

,, Swellengrebel (’ 05 ) studying the nuclei of compressed yeast' 
ceils ( 5 . Cer&uisiae )' at the time of budding, gives the chromo¬ 
some number as four. He describes what he calls an achromatic 
spindle and what he considered to be centrosomes.' The four 
chromosomes arrange themselves on the equator in the fo,rm, of 
a ring while the jinin „is'being'transformed into the spindle. 
The chromosomes divide and four pass'to each pole of the spindle 
where the'two daughter nuclei are reconstructed. Inihrmanii, 
(’ 06 ) a few'months later, confirmed Swellengrebebs results./ ; He 
studied,: nuclear ^division'in the^ budding'cell of S. elUpsoideus. 
He reports' the existence of an achromatic spindle with a centre- 
some at'each pole.,,' He also gives,'the chrom,,os,ome number „as. 
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four, and states that these divide, giving four daughter chromo** 
somes for each of the daughter nuclei. 

Giiilliermond (’ 17 ) reported the results of his studies on the 
nuclear division in the ascus of Schizosaccharomyces octosporus. 
He states that this species is much more favorable for cytological 
study than other yeasts. He was able to demonstrate chromo¬ 
somes and an achromatic spindle with centrosomes but found 
"the chromosomes too small to permit of an accurate count; 
nevertheless, he figures about four or five passing to each pole 
of the spindle during the late anaphase. He states that his 
studies on S. Cerevisiae and S. ellipsoideus have demonstrated 
that the pretended mitotic figures described by Swellengrebel 
and by Fuhrmann resulted from an erroneous interpretation of 
the vacuole and granular material contained in it, or in the 
cytoplasm. 

Conjugation and ascus formation 

Schi0nning (’ 95 ) described the ascus of Schizosaccharomyces 
octosporus as resulting from the conjugation of two sister cells, 
and Hofmeister (’00) described a nuclear fusion in the con¬ 
jugating cells. Guilliermond (’ 01 ) confirmed Hofmeister’s ob¬ 
servations. He described the ascus of 5 . octosporus as arising 
from the conjugation of two identical cells lying side by side in 
the same colony. The cells become united by a conjugation 
canal formed by the fusion of two outgrowths from the gametic 
pair. The wall separating the tips of the tubes is dissolved and 
the two nuclei of the conjugating cells migrate into the conju¬ 
gation canal and fuse to form the primary nucleus of the ascus. 
The ascus increases in volume while its nucleus undergoes two, 
or sometimes', three,';.successive, karyokinetic divisions, which, 
gives four or eight nuclei for the ascospores. Guilliermond 
found also that the ascus in this species sometimes originates 
from a single cell.'' In that'.event, two cells be'come'united'by.a 
conjugation canal but the separating wall remains intact, and 
each'cell develops into an ascus. ■ 

Guilliermond (’02) showed that the asci of Schizosaccharo¬ 
myces pombe and S. Mellacei arise in the same manner as de¬ 
scribed for 5 . octosporus. In these species, however, the asci 
more frequently arise irom.ainglexelis.t'dt.'.may;be;the^'.result;,of''.: 
the" failure of the".separatingwall-between'the'two "cells't'o':'',be' 
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reabsorbedj or a single cell may develop into an ^asciis without 
even attempting to conjugate with another. Siilc (^10) de¬ 
scribed a conjugation in the ascus formation of 5. Aphalarae 
calthae which appears to be analogous to that of S, octosporus, 
Nakazawa (^14) is reported by Guillermond and Tanner (^20) 
as having described a similar process in the ascus formation of 
S, santawensis and S. formosensis. 

An isogamic conjugation is also known to occur in the ascus 
formation of the budding yeasts, especially in the genus Zygosac- 
charomyces. Barker (’01) described it for Z. Barkeri, and Pearce 
and Barker (’ 08 ) described it for Zygosaccharomyces F. An 
analogous process has been described for Z. priorianus and Z. 
mandshuricus by Klocker (’ 05 ), for Z. javanicus by de Kruyff 
(’08) for Z. japonicus by Saito (’ 09 ), for Z. lacHs by Dombroski 
(’10), and for Z. major by Takahashi and Yukawa (’12). Certain 
of these authors state that asci may also arise from single cells 
in the species which they studied. 

An isogamic conjugation has also been described in the ascus 
formation of certain other genera. Chatton (’ 13 ) for example, 
described it for the yeast Coccidiascus Legeriy and Schneider 
(’ 15 ) reported it for Nematospora Lycopersici. Schneider, how¬ 
ever, states that there is evidence that the asci of N, Lycopersici 
may develop from a single cell. 

In addition to the type of conjugation described above, cer¬ 
tain authors have described processes which they consider to be 
heterogamic. Pearce and Barker (’ 08 ) described a yeast which 
they designated as yeast G in which the conjugation tends to¬ 
wards heterogamy. Guilliermond (’ll) described what he con¬ 
siders to be a strictly heterogamic process in the yeast Zygosac- 
■ charomyces ■ Ch&odlieri, The asci in.- this, species . -result from, -the' 
conjugation of two cells of different dimensions. The contents 
of the small cell pass into the large one through the conjugation 
canal. The large cell separates itself from the small one by 
means of a wail, and later develops into the ascus. Guilliermond 
(’18) described the same type of conjugation for Z. N(](dsom% 
and in a paper of the following year (’ 19 ) for Z. Pmtori, In 
these species conjugation occurs between a mother cell and an 
incompletely developed daughter cell, the mother cell in this 
case playing the part of the female gamete, while the daughter 
cell functions'as the male... ^ 
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Klocker (^ 06 ) found that the conjugation in Z. prioriamis in 
some cases was isogamic but in others it was heterogamiCj oc¬ 
curring between a mother cell and a bud still attached. He also 
found that many cells formed ascospores without undergoing 
conjugation. Guilliermond (’ll) described the same types of 
conjugation ior Debaryomyces globosus, and Konokotina (’ 13 ) for 
D. tyro cola. Nadson and Konokotine (’12) found that the con¬ 
jugation in the species Nadsonia fulvescens and Nadsonia elongata 
always takes place between a mother cell and a bud formed by it. 
The contents of the bud pass into the mother cell, which, instead 
of developing directly into an ascus, gives birth, by budding, to 
a new cell into which its contents are poured; and this cell de¬ 
velops into an ascus. 

In certain yeasts such as 5 . Ludwigii, Willia Saturnus and 
yeast Johannisberg ii the asci develop from single cells, but the 
ascospores as a rule conjugate two by two at the time of germi¬ 
nation. This phenomenon was first described by Hansen (’ 91 ) 
in S. Ludwigii. The ascospores become united by means of a 
conjugation canal into which the nucleus and cytoplasm of each 
pass, and in which nuclear fusion occurs. A zygospore is formed 
which later germinates by sending out a germ tube from which 
numerous vegetative cells are produced by budding. About 
one-fourth of the ascospores of this species germinate without 
any sign of conjugation. Guilliermond (’ 03 ) found that the 
conjugating ascospores in this species as well as in Willia Satur¬ 
nus often germinate into asci instead of producing vegetative 
cells. The single ascospores were found to do the same thing, 
Hansen (’ 91 ) showed that the ascospores of 5 . Cerevisiae and 
^^Johannisberg Ifwould also, under certain conditions, ger¬ 
minate directly into asci either with or without conjugating. 
Marchand (’ 13 ) described a similar conjugation of ascospores in 
'S./'intermediuSfS. turbidanSj S. validuSj S. ellipsoideus^ S, "Vini 
MuntzU,' S. WillianuSf S. Bay anus, and ''Johannisberg Id’ 
Guilliermond (’ 17 b) described a yeast from pulque in which the 
asci develop from single cells. The ascospores conjugate two 
by two at the time of germination and in unfavorable solid 
culture media change directly into asci. This species/^ 
'Ludwigii and Pirfefa membranaejaciens, often forms a mycelium 
on ^the surfaee'of 'Old cultures.' -In'-that; cased,hach''Cell;;:inThe 
mycelium may develop Into an ascus with the normal number of 
■ascospores."''' ■ 
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Number of ascospores 

The number of ascospores contained in the ascus of various 
yeasts runs from one to eight. The number is usually fixed in 
any one species or .at least a certain number is found to pre¬ 
dominate. In Monospora bicuspidata, Nadsonia fukescens,, Nad- 
sonia elongata, Debaryomyces tyro cola and others, a single asco- 
spore is produced. In Schwanniomyces occidentalism Debaryo- 
myces golobostis, Zygosaccharomyces Nadsonia, one to two asco¬ 
spores are produced, with one predominating. The OwScus of 
Z. bisparus contains two ascospores as a rule. In Saccharomyces 
Cerevisiae the number varies between one and five, but the 
number four is more frequent. In 5 . pastorianus the same vari¬ 
ation in number obtains but the number two predominates. In 
S. Ludzvigii and the yeast Johannisherg //, the number is almost 
always four. In Schizosaccharomyces ociosporus the number is 
either four or eight. In 5 . Mellacei and S. pombe the number is 
invariably four. In Nematospora Coryli, N. Lycoperstci, and 
Coccidiasctis Legerij the number is almost always eight. The 
variation in number of ascospores within a genus is apparently 
very little greater than that of a single species. 

Method of asgospore formation 

As previously noted, the real nature of ascospore formation 
in the yeasts is none too well understood. Are the yeast asco¬ 
spores cut out by free cell formation, or are they formed by 
cleavage? Wager .(’^8) describes the spores of S, Derevisiae and 
S,' Ludwigii iiS' lying free in the protoplasm of the ascus. ThC' 
spores are said to'be' at first very small, but they gradually in-' 
crease'in size at, the'expense of the surrounding protoplasm, a''' 
thick cell-wall being produced around . each, until' finally they 
completely fill the mother-cell. 

Janssens and Le Blanc (’ 98 ), describing the process in the 
same species, write': “Pour compldter les spores, les iioyaiix 
s'entourent d’lme partie plus dense de protoplasme, autour de 
laquelle une membrane se forme Hbrement sans la participation 
de la membrane de la cellule-m^re. L’apparition de cette mem¬ 
brane pent surtout s’ 4 tudier, quand il ne se forme que deux 
spores,'mais, on peut .encore en' poursuivre'.tous ,les' d4ta,i'ls', rians 
des cas de tr^s' bonne, fixation, .sur des cellules produisant quartre 
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spores. II se forme ime sorte de plaque cellulaire iibrement dans 
le protopiasme a une certaine distance du nucleole. Les trabe- 
cules du protopiasme se regularisent et bientdt, par le dep 6 t d'une 
substance squelettique analogue a la cellulose, on voit apparattre 
dans le protopiasme une zone circulaire plus refringente en- 
tourant un protopiasme tres dense.” 

Guilliermond (’ 02 ) has studied ascospore formation in a large 
number of yeasts, and has described the presence of spore plasm 
and epiplasm as in the asci of the higher Ascomycetes. He is of 
the opinion, too, that the ascospores are formed by free cell 
formation, but he states that the figures are too small to allow 
one to follow the details of the process. 

Cytology of Nematospora Phaseoli 

The material used in this study was grown in pure culture on 
either beer wort agar or sweet potato slants. Cultures ranging 
from one to ten days old were used in order to obtain all of the 
different types of ceils and stages in the development of the or¬ 
ganism. Cultures one to three days old were found to supply 
excellent material for the study of the development of the asci 
and ascospores; those three to five days old were very good for 
ascospore germination; and those from five to ten days old 
supplied excellent material for the study of the direct germination 
of the ascospores into asci, the conjugation of ascospores, and 
the formation of asci in the mycelial branches. 

Numerous solutions were tested for killing and fixing the 
material; and, of those tested, Flemmin^g's weak solutiort, diluted 
I to 200 with distilled water, was found to give the best results. 
This solution as a rule gave good fixation with little or no 
shrinkage. A small quantity of the culture material was trans¬ 
ferred ; to about ten to fifteen drops of the. fixing, solution by^ 
means'of a'platinum loop. After-the material had. remained; in 
the fixing solution for 15 to 30 minutes, it was mounted for stain¬ 
ing by the stipple method, as described by Harper ( '§9) and 
others, for mounting germinating smut spores. The ether- 
celloidin method, as described by Davis (’ 22 ) for mounting 
germinating spores, was also used with veiy good success, 
especially; when.'the material was''Stained with'baematoxylin. 

Several stains, including the majority of those recommended 
by the various authors who have studied the yeasts, were tested; 
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but Flemming's triple stain was the only one that gave 
satisfactory results. Haidenhain’s iron-alumdiaematoxylin was 
found to be very good for staining ascospores and resting nuclei, 
but otherwise it failed to bring out the details that are shown 
with the triple stain. 

Ascospores and their germination 

The mature ascospores are comparatively very long and 
slender and consist of two cells of about equal length, with 
the basal one ending in a long whipdike appendage. When 
stained, the basal cell exhibits an alveolar cytoplasm and a 
single well defined nucleus, which consists of a deeply stained 
nucleole, a less densely stained chromatic reticulum, nuclear 
sap, and a nuclear membrane (figs. i 8 a, i 8 b). The nucleus 
is situated in the upper end of the cell near the septum which 
separates the ascospore into two cells, and tends to be slightly 
pointed in the region where the nucleole is located. The apical 
cell of the ascospore shows quite a different aspect. The cyto¬ 
plasm in this cell, which apparently begins to disintegrate very 
early, appears in the form of densely stained clumps, and no 
nucleus can be distinguished. 

At the time of germination, the upper region of the basal 
cell of the ascospore swells and becomes spherical in shape just 
below the transverse septum, the nucleus enlarges and divides 
to form nuclei for the cells that later bud off from this region. 
The nuclei at this stage are very small, about 2 microns in di¬ 
ameter; but I have observed in a very few cases a very minute 
spindle-shaped figure which appears to be similar to the un¬ 
doubted mitotic figures that are'found later in the aseus. The 
nucleus may .'divide either before or after budding',is evident. 
In some cases it divides and two nuclei'are found before budding 
begins (fig. 17) ; in other cases a bud cell is well formed before 
nuclear division takes place (fig, 15 a). In still other cases, 
which seem rare, one large nucleus and two small ones are seen 
in the swollen region before budding occurs (fig. 12), indicating 
perhaps that the division of the mother nucleus has been fol¬ 
lowed by the division of one of the daughter nuclei. The apical 
cell has'never been,observed to germinate; its contents, undergo 
further disintegration and it remains as an apparently functioii- 
less.' appendage. „ The question .as to its nucleus is discussed 
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below. From one to six chains of bud cells may be seen attached 
to the swollen region of the ascospore. These cells later become 
dissociated and may either bud as yeasts or develop into asci. 
The yeast cells contain a single nucleus (fig. 19) which re¬ 
sembles that of the ascospore. Nuclear division has not been 
observed in these cells during budding. 

In addition to the method as described above, the ascospore 
often exhibits several other modes of germination, the cause of 
which has not been definitely determined. I am inclined to 
believe that the budding type of germination as described above 
is the most common when fresh solid media are used, although 
it may occur under other conditions. 

The second type of germination, which is characterized by 
the production of one or more germ tubes from the swollen region 
of the ascospore, occurs in liquids and also in old cultures on 
solid media. However, a sharp line of demarcation cannot be 
drawn between the conditions that are necessary for this and the 
first mode of germination. Two ascospores lying side by side 
in apparently the same environment may exhibit different types 
of germination; one by budding, and the other by germ-tube 
production. Furthermore, ascospores may be observed with a 
chain of bud cells attached to one side and a septate mycelial 
hypha extending from the other side. Then, too, the method 
of germination may be intermediate between budding and the 
production of germ tubes. 

In the third type of germination the basal cell of the ascospore 
swells and develops directly into an ascus (fig. 20). This occurs 
in old cultures on solid media after an abundant growth has 
been made. Whether this is due to toxic substances or to a lack 
of food, or both, has not been determined. We should note 
here the cases in which two adjacent ascospores produce con¬ 
jugation tubes which fuse at their tips and develop into an ascus. 
This procedure seems to be rather unusual, and yet it has been 
observed several times in old cultures, especially on Irish and 
sweet potato slants. The drying out of the medium may also 
be an important factor in determining the type of ascospore 
germination. 
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Nuclear phenomena involved in ascus formation 

As previously stated, the cells that are produced by budding 
at the time of ascospore germination become dissociated and 
either develop individually into asci or multiply further by 
budding. If budding occurs, the individual cells thus formed 
may in turn develop into asci. Since this seems to be the most 
common method of ascus formation, I shall begin by describing 
the nuclear phenomena involved in this process. 

The small uninucleate cell enlarges very rapidly, apparently 
with a proportionate increase in the size of its nucleus. The 
elongation of the cell takes place more rapidly than the increase 
in its cross diameter, thus giving it a cylindrical shape. The 
nucleus is very distinct and exhibits a densely stained nucleole, 
nuclear membrane, and a less densely stained chromatic ret¬ 
iculum. The cytoplasm at this stage shows a very regular 
alveolar structure. The prophases of the first division of the 
nucleus become evident a little later. The chromatin becomes 
condensed into densely stained threads which in some cases 
appear to be attached to a point on the nuclear membrane from 
which they radiate more or less irregularly into the nuclear cavity 
(figs. 3, 6). Ill some cases a minute body can be faintly seen 
at the point of attachment of the chromatin threads on the 
nuclear membrane. I have been able to observe this orientation 
of the chromatin only in a few instances, and am in doubt whether 
these figures correspond entirely to those given by Harper (* 05 ) 
for the asci of the higher Ascomycetes. A large oval shaped 
nucleole can be distinctly seen lying in the colorless nuclear sap 
that surrounds the chromatin strands. It is almost invariably 
situated near the nuclear membrane. The nucleus at, this'stage, 
though much smaller, bears a striking resemblance to the 
spiremes figured by Harper in the asci of Phyllactinia and 
Erysiphe, 

Following this stage the first nuclear division occurs, which 
is usually in the direction of the long axis of the cell ( fig . 2). 
The spindle appears first as a minute streak extending across the 
nuclear cavity, with the chromatin and nucleole situated slightly 
to one side. The spindle is at first strictly intranuclear, but as 
it elongates the nuclear membrane disappears, and five chromo¬ 
somes can be fairly accurately counted. The chromosomes are 
:globular in, shape and measure about 0.45 microns in diameter, " 
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and' yet they are distinct in well differentiated preparations. 
The nucleole is very distinct at this stage also and is generally 
situated near the center and slightly to one side of the spindle. 
It measures about one micron in diameter. 

The first division of the nucleus has been found in relatively 
few cases and I have been unable to follow the later stages. The 
second and third divisions, however, are very easily found, and 
in them the process can be fairly accurately observed. The 
two daughter nuclei resulting from the first division are at first 
very small and are closely associated. They later pass to the 
opposite ends of the ascus, enlarge, and prepare for the second 
division. 

The daughter nuclei in the resting stage are identical in ap¬ 
pearance with the mother nucleus. A more or less polarized 
spireme is formed (fig. 3) which is soon followed by the forma¬ 
tion of an intranuclear spindle. Four or five chromosomes can 
be counted in the equatorial plate stage, and a little later nine 
or ten can be distinctly seen scattered along the spindle (fig. 8 ). 
Some of these figures show densely stained strands radiating 
from their poles, which may be interpretated as astral rays. 
Centrosomes, however, cannot be distinguished with certainty 
in these figures. The ascus at this stage is about two-thirds 
mature size. The spindle elongates and becomes very narrow. 
Four or five chromosomes pass to each pole and the daughter 
nuclei are formed. The nucleole may persist on the side of the 
spindle during the entire process of nuclear division. 

The four daughter nuclei become distributed at approxi¬ 
mately equal distances throughout the length of the ascus. They 
then divide as a rule in the direction of the long axis of the cell 
(fig. 9) and produce'"eight nuclei for the-ascospores,' The spindles 
in the third division are much smaller than in the first and 
second divisions and the chromosomes appear to be propor¬ 
tionately smaller in size. The chromosome number, however, 
appears to be the same throughout the three divisions. 

The nuclear phenomena in the asci that arise by the direct 
germination of the ascospores are apparently the same as in the 
asci that develop from individual bud cells. This type of ascus 
formation is unusual, in that the upper region of the basal cell 
of the ascospore si mply swells out into a large outgrowth, which 
assumes the form o f a' normal .ascusv.. What causes or stimulates ■ 
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the cell to make this tremendous outgrowth? Does a niicleiis 
come in from the apical cell and fuse with that of the basal cell 
before this growth occurs? I am not prepared to answer these 
questions, but the question as to a nuclear fusion will be further 
discussed below. 

The swollen region of the basal cell of the ascospores ap¬ 
parently contains a single nucleus at first (fig. 20), which later 
divides in the same way as described above (figs. 21, 22). Here 
again five chromosomes can be counted in the equatorial plate 
stage. After division is completed, the daughter nuclei separate 
and undergo a second division (fig. 24)'. These divisions may 
occur either in the direction of the long or short axis of the cell. 
The same thing holds for the divisions in the first type of asciis, 
but nuclear division is as a rule in the direction of the long axis 
of the asciis. The third divisions have not been observed in 
asci arising directly from ascospores. 

The germ-tube type of ascospore germination rCvSidts in the 
development of a mycelium in which intercalary asci are often 
produced. The individual cells of the hyphae develop directly 
into normal asci (fig. 31) in which four to eight ascospores are 
produced (figs. 29, 30). These cells are at first apparently imi^ 
nucleate, but as they increase in size their nuclei increase in 
number. Nuclear division has not been observed in these asci. 

The fourth type of ascus formation follows the conjugation 
of two germinating ascospores. The basal cell of each of the 
ascospores swells and sends out a short outgrowth. These out¬ 
growths come in contact and fuse end to end to form the con¬ 
jugation; canal. This conjugation results in the production of 
an ascus in which four or eight ascosporeS' are formed. The 
apical cells and the tips of the basal cells of tlie two ascospores 
remain, attached to the membrane of 'the mature ascus' (figs. 

32,33)- 

The nuclear phenomena in this type of ascus have not been 
determined, but there is evidence that a nuclear fusion occurs 
in the tube connecting the conjugating ascospores. Each of 
the basal cells of the pair of ascospores contains a nucleus before 
conjugation occurs, whereas only one is found in the connecting 
tube after conjugation takes place. As the ascus develops, the 
number of nuclei increases to two, then to four, and finally to 
eight. Ascospores are then formed. Here again nuclear di¬ 
vision figures have not been observed. 
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Finally, there is evidence that the asci of Nematospora Phase- 
oli may arise from the conjugation of two yeast cells. Although 
I have fairly good evidence of this in some of my preparations, 
I do not believe that it is so common as the process by which 
the ascus arises from a single bud cell. On the other hand, 
Schneider states .that the asci of N, Lycopersici most commonly 
arise from a conjugation of two cells. The same type of con¬ 
jugation has been described by numerous investigators as oc¬ 
curring among the species of Zygosaccharomyces and Schizosac- 
charomyces, and yet all of these investigators find that the asci 
in these species may also arise from individual cells. 

I find stages in my preparations that suggest a conjugation 
of two cells, the strongest indication being a constriction that 
approximately divides the ascus into two equal parts. Two 
nuclei are present, one in each enlargement. Then in larger 
asci where the constriction is still apparent only one nucleus 
may be found. In still larger asci, two nuclei again appear. 
Unfortunately, however, stages appear that do not fit into the 
above series. Figures are found in these asci that have the 
appearance of nuclear fusions, but here again one must be skep¬ 
tical because similar stages are found in the asci that develop 
from single cells, and also in those that arise directly from the 
germination of single ascospores. Janssens and Le Blanc de¬ 
scribed a nuclear fusion in the ascus of 5 . Cerevisiae and re¬ 
garded it as a sexual fusion. Guillierniond has repeated these 
studies but he was unable to verify their results. He contends 
that there is no nuclear fusion in a yeast ascus which arises 
without preliminary spore or cell conjugation. My results thus 
far do not justify any definite statement in regard to nuclear 
fusion in/the, ascus of N, PhaseoU. ■ 

Ascospore formation 

The ascus is practically full size at the time of the third 
nuclear division. It is then 70 to 80 microns long and about 
10 microns in diameter. The four mitotic figures can be clearly 
seen lying in the faintly stained alveolar cytoplasm (fig. 9). 
The final stages in these division figures and the initial stages in 
the formation of the ascospores have not been observed with 
certainty. The ascospores, however, can be distinctly seen very 
early in their development. They appear as small globular 
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bodies about i to 1.5 microns in diameter, and show a gTaiiiilar 
cytoplasm. They possess a definite bounding nieml:)rai:ie that 
separates them from the surrounding vacuolated epiplasm. 
Whether this bounding membrane is formed by the fusion of 
astral rays as described by Harper (’ 05 ) and others in free-cell 
formation of ascospores in the higher Asconiycetes remains to be 
determined. On the other hand, there is no doubt as to the 
existence of an epiplasm distinct from the spore-plasm con¬ 
tained in the young ascospores. 

The ascospores at this stage stain so densely that it is very 
difficult to distinguish their nuclei. The young globular asco¬ 
spores now develop info the mature two-celled stage in which 
they are long and slender. They first assemble near the center 
of the ascus and then begin to elongate by sending out a pointed 
outgrowth that reminds one of a germ tube (fig. 14). The four 
on the left elongate towards the right end of the ascus and the 
four on the right elongate towards the left end. A single nu¬ 
cleus can be distinguished in some cases when the ascospores are 
about one-half their mature length. As this elongation proceeds 
the epiplasm is more or less used up and finally the eight mature 
two-celled ascospores are formed, filling the entire ascus (fig. u). 
The mature ascospores are arranged in two opposite bundles of 
four spores each, with their whip-like appendages interlocking 
or more frequently curved around the opposite bundle. 

The basal cell of the mature ascospore contains a single 
nucleus that is very easily seen, and an alveolar cytoplasm. The 
apical cell, as noted above, is apparently without a nudeus and 
its'cytoplasm even at a very early stage appears to have under¬ 
gone disintegration,' and 'Consists of densely stained masses 
(fig, ii). It is possible that the nucleus of this cell,passes into" 
the basal 'Cell at an early stage and fuses with itS' nucleus, but 
,,the evidence for this is lacking -at present, I have been able to 
find only one case in^which such an occurrence was suggested. 
'In this case, the ascospores .seemed immature but had reached 
the two-celled stage. The apical cells failed to show a.nudeus' 
as usual, but the basal cell of one contained' two, distinct,'nuclei. 
The basal cells of the others contained one nucleus as usual I 
could detect no difference in the size of these nuclei, 

■ Observations on ascospore formation' in 'certain,:'of the .higher 
Ascomycetes;'are,of i,nterestIn this connectio:!!,,. Faull''(’’ 04 )' has,' 
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found that the ascospores of several of the species of Podospora 
present a curious case of the formation of a septum in the spore 
without a previous division of the nucleus. The young asco¬ 
spores are at first compressed and spherical but rapidly become 
cylindrical or rod~like. This is followed by an enlargement of 
the upper end in which the nucleus is to be found. The nucleus 
next moves down to the entrance of the small end, a septum is 
formed, and it passes back to the center of the upper part. The 
appendage develops no further, and gradually loses its cytoplasm. 
Brooks (TO), studying ascopore formation in Gnomonia ery- 
ihrostoma, found that after the spore membrane has been laid 
down the nucleus undergoes division towards the base of the 
ascowspore. One of the two daughter nuclei thus formed passes 
to the extremity of the spore, and a septum is laid down between 
the two nuclei, cutting the ascospore into cells of unequal size. 
The nucleus of this tail-cell gradually disorganizes. He found 
also in germinating the ascospores, that only the larger cells 
send out germ tubes. 

It should be noted, however, in this connection that the sterile 
cells in the ascospores of these fungi are much smaller than the 
functional cells; whereas in N. PhaseoU the apparently function¬ 
less cell is equal in size to the functional cell. 

Discussion 

My cytological studies have shown that the ascus of Nemato¬ 
spora is typical in respect to the differentiation of spore-plasm 
and epiplasm. The ascus is uninucleate at a rather young stage, 
and this single nucleus undergoes the regular triple division 
characteristic of practically all asci. Eight ascospores are regu¬ 
larly formed, though I have observed a few cases in old cultures 
where a smaller number was formed. It could be clearly seen in 
these cases that the reduced number was due to the abortion of 
some of the young spores, as in the case of the mildews such as 
PhyUactiniaandErysiphe. 

The ascospores are unquestionably formed by free cell for¬ 
mation: that is, they are cut out of the ascus as globulaf cells sur¬ 
rounded by the epiplasm which is later more or less used up in 
their development to mature size. The figures, however, are 
too minute to permit one to follow the exact details of the process 
of spore delimitation. I have also so far failed to settle the 
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further i3oiiit as to the existence of a nuclear fusion in the young 
ascus. 

There seems no adequate reUvScn for regarding Neniatospora 
as a “doubtful Ascomycete,” so far avS its ascus is concerned. As 
noted earlier, Guilliermond (^12) puts Nematospora, Manospora, 
and Coccidiascus together as his fifth group of Saccharomycetes, 
and designates them as budding yeasts with uncertain afiinities. 
As recognized by Guilliermond, the relationship of this group to 
the other groups is by no means clear. Guilliennond’s series 
consists of the following groups; (i) Yeasts multiplying by par¬ 
tition; asci usually derived from a conjugation. (2) Budding 
yeasts; asci usually derived from a conjugation. (3) Budding 
yeasts which form a vslimy scum in sugar solutions; ascospores 
round or oval in shape. (4) Budding yeasts which generally 
produce ether; ascospores characteristically hat-shaped. (5) 
Yeasts in which the relationships are not well known. 

In my opinion Nematospora has a typical ascus, and at the 
same time is unquestionably a member of the yeast series. The 
evidence of the relationship of the whole series to the Ascomycetes 
is thus strengthened. Whether Nematospora is to be regarded as 
a primitive or degenerate type is a more difficult question. The 
whole group with its interesting relations to the insects and in¬ 
cipient parasitic habits on green plants appears to be excellent 
material for the study of the general problems as to the origin 
and relationship of the entire yeast series. 

The genus Nematospora is apparently clovsely related to the 
genera Monospora and Coccidiascus which it reseml:)les mor¬ 
phologically, especially in the shape of the ascospores and in 
the, production of budding yeast-like cells. Monospora differs 
from the ^ others in having a single ascospore. ThiS','genus 
should be studied cytologically to determine whether there is a 
triple nuclear division in. the ascus. These three genera in my 
opinion constitute a phylogenetic unit 
'The genera Eremothecium Borzl, and^ Pmto^m. Dangeard, 
somewhat resemble Nematospora in, respect to the .shape and 
'arrangement of .their' spores. Eremothecium has about' soepores' 
formed in .its, fruiting body and there is no evidence"that they 
are .formed: by, free cell formation. Protascusy on .the .,,other 
■handjTias^only 32 .spores, ,and,Dangeard .has presented evideo..ce 
that ■ sho,ws that they 'are ■ formed, by free :€.ell' formation;: •,Asci. 
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with more than eight spores are of course well known, for ex¬ 
ample, Rhyparohius, Podospora, Thecotheus, etc. But whether 
the asci of Eremothecium and Protascus belong to this class must 
be determined by further cytological study. The further point 
as to whether the resemblance of Eremothecium and Protascus 
should be regarded as merely accidental or as an indication of 
relationship remains unsettled as yet. 

The species of the genera Nematospora, Monospora and Coc- 
cidiascus are all parasites. Monospora hicuspidata is parasitic on 
Daphnia, Coccidiascus Legeri is parasitic on Drosophila funebris, 
and the five species of Nematospora are parasitic on the fruits 
of a wide range of plant families. Nematospora species C and D, 
Nowell, are parasitic on the fruits of the following plants in the 
British West Indies; tomato, Lima bean, sword bean, castor oil 
bean, cowpea, cotton, coolie pepper, sweet orange, Asclepias sp., 
Jatropha sp,, Cassia sp., Indigofer a sp., Tephrosia sp., Crotalaria 
sp., and Dolichos Lablab. Infection, according to Nowell, is 
brought about by the punctures of the cotton stainer {Dysdercus 
delauneyi), the green bug (Nezara viridula), the leaf-footed 
tomato bug {Lepioglossus halteatus), and the red tomato bug 
(Phthia picta), 

Nematospora Coryli is parasitic on hazel nuts, N. Lycopersici 
is parasitic on tomato fruits, and N. Phaseoli is parasitic on Lima 
beans, Bird-eye beans, and Black-eye cowpeas. Infection with 
N. Phaseoli, as I have shown, takes place in the punctures made 
by the green bug {Nezara hilaris). We have then two genera 
of the group, Monospora anA Coccidiascus, passing their whole 
life history as paruvsites in respectively a crustacean and a fly, 
Daphnia and Drosophila, while the third genns^ Nematospora, 
with its much larger number of species, passes its complete cycle 
of development,'so.far as yef known, as'a parasite in some one 
of the wide range of host plants just enumerated, but again, so 
far as known, depends entirely on insects, such as Dysdermsrde* 
latmeyi, Nezara viridula, Nezara hilaris, Leptoglossus halteatus 
and Phthia picta, for gaining access to its hosts. The situation 
is most interesting from the standpoint of the whole question of 
insect carriers of pathogenic organisms. 

The method of infection of Drosophila is unknown, though, as 
Chatton notes, the flies feed on naother of vinegar. Metchnikoff 
does not state the method of infection in Daphnia, but he reports 
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large quantities of vegetative cells, asci and ascos|3ores in the 
tissues of the sick and dead Daphnia. He also reports tlie 
presence of free ascospores in the intestinal tract of dhe healthy 
Daphnia. This naturally suggests that the ascospores are taken 
into the intestinal tract by the feeding of Daphnia in contami¬ 
nated water. 

The question whether Nezara hilaris is also a host for Nemuto- 
spora Fhaseoli, and may possibly carry it through the winter is a 
matter of obvious importance. Infection with Nematospora 
Coryli and N. Lycopersici has not been reported as due to insect 
punctures, but this is probably due to the fact that the insect 
punctures were overlooked. The type of lesions produced on 
the cotyledons of the hazel nuts and on the tomato fruits strongly 
suggest their origin in insect punctures. 

The fact that these yeasts parasitic on seed plants are so 
largely, if not exclusively, carried by insects, together with the 
fact that the other species of the group, Mono spora bicuspidata 
and Coccidiascus Legeri, are themselves parasitic respectively on 
crustaceans and insects, presents, as noted above, an interesting- 
situation bearing on the general problems of alternate hosts and 
insect carriers. The ordinary food substrata of yeasts are fruit 
juices capable of fermentation; and these juices are also a com¬ 
mon food for insects, especially flies like Drosophila^ the host of 
Coccidiascus Legeri. The situation seems naturally to suggest 
that yeasts now parasitic on green plants and carried by punc¬ 
turing insects may have been derived from yeasts parasitic on 
insects, which in turn were derived from ^^easts which live nor¬ 
mally in fermenting fruit juices. Further data as to the possi¬ 
bility that the parasitic Nematosporas may multiply and perhaps 
pass the winter in Nezara is very much needed. 

The asci of Nematospora Fhaseoli may arise from individual 
yeast cells, from direct germination of'the ascospores, from a 
conjugation of two ascospores, from single cells in the mycelial 
strands, and perhaps from the conjugation of two yeast cells. 
All of these cases are paralleled among the genera of the 
Saccharomycetes. The asci of the species of Schizosaccharomyces 
and Zygosaccharomyces most commonly arise from the conjuga¬ 
tion of two bud cells, yet the individual cells often develop into 
asci without conjugating. In Saccharomyces Ludwigii, Willia 
Saturnus and yeast Johannisberg 11, .the' asci .usually develop 
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from single bud cells and the ascospores conjugate two by two 
at the time of germination. Budding from the zygospore thus 
formed usually follows, but it is not uncommon for asci to de¬ 
velop directly from a germ tube which arises from the conjugated 
pair. The single ascospores may also develop directly into asci. 
The asci of Saccharontyces Cerevisiae develop from single cells as a 
rule but, according to Hansen, they may also develop from the 
conjugation of two ascospores or the single ascospores may 
germinate directly into asci. In addition to the above methods 
of forming asci, Saccharomyces Ludwigii^ Pichia membranae- 
faciens, and the yeast from pulque often form a mycelium on the 
surface of old cultures in which each cell of the hyphae may 
develop into an asctis with the normal number of ascospores. 

Parallel cases are also to be found among the Endomyeet- 
aceae. In Endomyces capstdansy the asci are formed from single 
cells in the mycelium, but in some cases the ascospores form a 
bud or a germination tube that develops directly into an ascus. 
The asci of Endomyces javanensis develop from the individual 
yeast cells or from single ceils in the mycelium. The asci of 
Eremascus feriilis, Endomyces fibtdiger^ and Endomyces Magnusii 
commonly develop from a conjugation of two cells in the my¬ 
celium j but they may also develop from single cells without con¬ 
jugating. 

It is obvious from all this diversity in the method of ascus 
formation in the various groups that, in so far as the process is 
associated with sexuality, modified and parthenogenetic con¬ 
ditions are suggested. The material is certainly very favorable 
for the study of the effects of environmental conditions on the 
occurrence and the significance in the life cycle of sexual cell 
fusions. 

The data here presented are also of fundamental significance 
in'connection with our conceptions of alternation of, generations" 
in both the lower fungi and the algae. , The Nem,atosporas',are 
relatively so favorable for cytological study that they con¬ 
stitute especially good material for the study of all these problems. 

Summary 

I . is parasitic on a wide range of plants, but the 

Leguminosae predominate in the list. 

2. Infection is associated with the pimctures of particular 

,insects.A'''v ' ■ "v"'' 
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3. The vegetative phase of Nematospora is typically yeast¬ 
like as a rule, but when grown in tap water, distilled water, or a 
very dilute solution of beer wort, a rudimentary mycelium is 
produced. A rudimentary mycelium is also produced around 
the borders of old colonies on solid media. 

4. In the method of formation of its ascus Nematospora is in 
conformity with typical Ascomycetes in respect to the differ¬ 
entiation of spore-plasm and epiplasm, the triple division of the 
primary ascus nucleus, and the number of ascospores formed. 
The spores are formed by free cell formation. 

5. The nuclear divisions in the ascus are typically mitotic. 
A spindle is formed and four or five chromosomes can be dis¬ 
tinguished in the equatorial plate stage of the first and second 
divisions. The same number apparently holds for the third 
division, but the minuteness of the figures makes this a dif¬ 
ficult matter to determine with certainty. 

6. Nematospora is apparently rather closely related to the 
genera Monospora and Coccidiascus, which it resembles morpho¬ 
logically, so that these genera appear to form a natural group 
under Saccharomycetes. 

This work was conducted under the direction of Professor 
R. A. Harper, to whom I am indebted for many valuable sug¬ 
gestions and criticisms. I am also indebted to Professor H. M. 
Richards for valuable suggestions and laboratory facilities for 
conducting the culture studies. 
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Explanation of plates 7-9 

All figures were drawn with a camera lucida and a Leitz ocular no. 4; 
FIG.S. I, 3, 5, 10, 12—18b, 20-24 with a Leitz 1/16 in. oil imm. objective, N. 
Ap. 1.32; FIGS. 2, 4, 6, 7, 8, 9, II, 19, 22 with a Leitz 1/12 in. oil imm, ob¬ 
jective, N. Ap. 1.30; FIGS. 25-33 witn Leitz objective no. 6, N. Ap. 0.82. The 
magnification is given with each figure. 

Plate 7 

Fig. I. Young ascus witn a single nucleus. X 2042. 

Fig. 2. Primary nucleus of the ascus; equatorial-plate stage, five chro¬ 
mosomes and a nucleole. X 1600. 

Fig, 3. Part of a binucleate ascus, showing the chromatin strands 
radiating from a point on the nuclear membrane and a nucleole lying in the 
nuclear space. 'X2042. ■, 

Fig. 4. A young uninucleate ascus. X 1600. 

Fig 5. Portion of a 4-nucleate ascus, showing two of the mitotic figures 
with five chromosomes ' ■ X 2042 . , , 

Fig. 6. Uninucleate ascus with the nucleus in the spireme stage. 
X 1600.,' 

Fig. 7. Ascus with the eight young ascospores. X 1737- 
Fig. 8. Binucleate ascus with the nuclei in the metaphase stage; nine 
chromosomes can be distinguished. X 1600, 

Fig. 9. Ascus with four mitotic figures; four or five chromosomes and a 
nucleole can be distinguished in each figure. X 1600. 

Fig. 10. Ascus with two mitotic figures; five chromosomes and a nucleole 
can be,distinguished in .each of these figures. X 1874. 

Fig. 11. Mature ascus, showing the eight mature ascospores; the basal 
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cell of eacfi ascospore contains a single nucleus, while the a}')ical ceil contains 
only masses of disintegration products. X 1737. 

Plate 8 

Fig. 12. Ascospore with three nuclei in the swollen iip[)er region of the 
basal cell; the original nucleus of this cell apparently divided, giving two, and 
then one of these underwent a second division, resulting in the two smaller 
ones. X 2042. 

Fig. 13. Germinating ascospore. Budding is taking; place from the 
upper region of the basal cell; the upper cell contains masses of disintegration 
products. X 2042. 

Fig. 14. Ascus with the eight young ascospores, two of which have 
begun to elongate. X 1737- 

Figs. 15a, 15b, 16. Ascospores germinating by the budding process, 
X 2042. 

Fig. 17. Ascospore showing the swelling of the upper region of the 
ba-sal cell preparatory to germination. X 1894. 

Figs. i8a, l8b. Mature ascospores. X 1874. 

Fig. 19. Uninucleate bud cells. X 1082. 

Fig. 20. Basal cell of an ascospore germinating directly into an ascus. 
X 2042. 

Fig. 21. Same as 20, with the nucleus in the process of division. X 2042. 

Fig. 22. Ascus formed by direct germination of the basal cell of the 
ascospore. The primary nucleus is undergoing division, and five chromosomes 
and a nucleole can be distinguished on the spindle. Note the contents of the 
apical cell X 1600. 

Fig. 23. Bimicleate ascus formed by direct germination of the asco¬ 
spore,' X 2042. 

Fig, 24, Second nuclear division in an ascus formed by direct germina¬ 
tion of the basal cell of an ascospore. X 2042. 

Plate 9 

Figs. 25, 26. Asci formed on the tips of mycelial strands. X 500. 

Fig. 27, Intercalary asci before ascospores are fornicd. X 312. 

Fig. 28. Intercalary asci. X 500. 

Fig. 29. Intercalary ascus with ascospores. X 312. 

Fig. 30. Intercalary asci, one with ascospprevs. X 500, 

Fig. 31. Germinating ascospore, showing the formation of intercalary 
asci.' 'X 624. 

Fig. 32. Two ascospores conjugating to form an ascus. X 50G. 

F iG. 33. An ascus formed by the conjugation of two ascospores, X 500. 


















Growth stimulation of Aspergillus niger by a vitamine B 

preparation* 

Nelly Jacob Schelling 
(with fourteen text-figures) 

The role of vitamines as accessory food substances in the 
nutrition of animals has become so important a question that it 
seems well to have more information upon their influence on 
the growth of plants. As will be seen from the brief survey of 
the literature which is given here our knowledge of the relation 
of vitamines and plants is rather meager. Of the published 
work, that of Lepeschkin ( 18 ) referred to later, most nearly 
coincides with the present account, though it by no means du¬ 
plicates it. Lepeschkin’s paper appeared, as will be seen by the 
date, at about the time that this study was completed. 

It was the purpose of the present work to determine in how 
far the effects of a preparation of water soluble vitamine B from 
3^east upon the growth of Aspergillus niger are comparable to 
those obtained by stimulation with minute doses of chemical 
poisons. A few observations were also made on the effect of 
the same vitamine preparation upon wheat seedlings and upon 
Lemna. 

Wildiers ( 30 ) in 1901 stated that he had found it impossible 
to obtain normal growth of Saccharomyces Cerevisiae in a syn¬ 
thetic inorganic medium if very small inoculations were made. 
Heavy inoculations resulted in abundant, normal growth of the 
organism. This at once gave Wildiers the clue to the unex¬ 
plained discrepancies between the revsults of Liebig’s and 
■Pasteur’s, experiments'on yeast, grown ■ in mineral salt solutions. 
Biologists at the' time took, little notice of Wildiers' paper. The 
question^'di.d, not'become 'one' of vital interest until 'Funk and 
other■■investigators .'..discovered yeast to be a rich'source of 
vitamine.B.' Most workers today hold that the Sacdiaro,mycetes' 
require vitamines for their normal metabolism. 

During the last few years a considerable amount of work has 
been done on the necessity of vitamines for the development of 
certain pathogens, especially Bacillus Influenzae (Pfeiffer’s 
bacillus). According to Thjotta ( 28 ), Thjotta & Avery ( 29 ), and 
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DavivS (8, 9 ) two growth accessory factors are involved in the 
growth of B. Influenzae. The'two substances were foiiiicl to 
differ in their thermostability (Davis 8, 9 ). Both are reported 
to .be contained in the blood corpuscles. Davis ( 7 ) tested the 
effects of vitamines from different sources on B. Coli^ B. typhosus^ 
B, prodigiosus, and B, Diphtheriae. In no case particular stimu¬ 
lation was observed. 

What little work has been done on the vitamines in relation 
to the fungi leaves us pretty much in the dark as to their r 61 e 
and importance in these forms. Linossier ( 19 ) found Oidium 
laclis under certain, conditions favorably influenced by the ad¬ 
dition of vitamines to the nutrient solution. According to his 
observations, the fungus, if in very vigorous condition, can live 
perfectly normally on inorganic nutrients alone. Either it does 
not need vitamines for its growth, or it is capable of synthesizing 
them. If the vitality of the organism is in any way reduced 
(as by heat, age, etc.) the addition of growth promoting sub¬ 
stances to the nutrient solution proved to have marked effects. 
Linossier furthermore observed that vitamines are absolutely 
essential to the growth of Oidium laclis if very small inoculations 
are made. Without vitamines in the solution, the fungus was 
found to germinate slowly and with difficulty. After about six 
days the controls caught up with the stimulated cultures. 

Lepeschkin ( 18 ) confirmed Linossier’s observation that the 
effect of vitamines upon fungi is evident during the first few 
days only. Working with Aspergillus nigcr and Pe/rdcilHuni 
glaticum, he note.d very marked effects of-the growth promoting 
substances during the early stages of germination, while there 
was practically no difference between the individual cultures' 
after several days. 

, Lumii^re' (20) denied any influence of the vitami,n,es upon the, 
growth of fungi. The ''stimulation'' observed after the addition, 
of vitamines is attributed by this investigator not to the growth 
accessory substances as such, but to the addition of salts to 
poor' synthetic'media. The experiments which led.'Limiic^re to 
make such statements must be said to be inconclusive. 

Goy ( 16 ) working with Saccharomyces Cerevisiae,' Mucor 
Mucedo, Aspergillus nigerj Penicillium glaucum, and Bacillus 
Megalheriumi found 'these organisms 'to''develop, normally in' 
mineral',salt, solutions.','' Much; more proliferation was.,o,btained' 
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upon addition of small amounts of the medium in which pre¬ 
viously had been grown either the same or a different species. 
The paper, unfortunately, leaves us in the dark as to the exact 
amount of old medium added, so that an interpretation of Goy's 
results is rather difficult. If minute quantities were used, the 
stimulation of proliferation suggests that from the organisms in 
question certain growth stimulating substances diffuse out into 
the medium. If, on the other hand, larger quantities of the 
old medium were added, the question of increased food supply 
might come into play. 

Willaman ( 31 ) published a paper in 1919 on the function of 
vitamines in the metabolism of Sclerotinia cinerea, the brown 
rot fungus of plums and peaches. The organism did not develop 
unless vitamines from some source or other were added to the 
medium, a solution of mineral salts with the addition of as¬ 
paragine and sucrose. Willaman found the amount of vegetative 
growth not in proportion to the juice added, large amounts of 
the latter causing slight inhibition of growth in the majority of 
cases. A large number of vitamine extracts which were ex¬ 
amined, were found to stimulate the vegetative growth of 
Sclerotinia, but only very few induced reproduction. Further¬ 
more, Willaman found the amount of sporulation not necessarily 
proportional to the amount of vegetative growth. These ob¬ 
servations suggested the possibility of two different vitamines at 
work, one stimulating vegetative growth, the other one im¬ 
portant in reproduction. Willaman, however, believes that a 
single vitamine is responsible for the stimulation of both vege¬ 
tative growth and reproduction of Sclerotinia cinerea. 

Bottomley ( 1 ~ 4 ) developed the theory that not only lower 
forms, but also green plants require growth promoting substances 
or auxiniones. He found that Lemna minor and several other 
aquatics did not develop normally in mineral salt solutions 
without the addition of auximones. These organic growth 
promoting substances were obtained from soil, as a result of the 
bacterial decomposition of peat, from cultures oi Azotobactef 
Chroococcum, znd Bacillus radicicola, as well as from manure 
(Mockeridge 21) . The identity of the auximones with vitamines 
is indicated by the fact that the phosphotungstic acid, and the 
silver fraction precipitate both substances from solutions. 
Auximones were found to have a marked stimulating effect 



294 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


Upon the rate of reproduction of Lenrm minor. (,,,Y'4:()log'i('al 
examination, of stimulated plantletvS showed larger nuclei, denser 
cytoplasm, and fewer, smaller air-sfiaces tliaii the conirols. 
Bottoniley obtained analogous effects of auxtmones on wheat 
but these plants did not give as satis,factory results as Lenina 
minor. This is due to the fact that wheat, by virtue of liaving 
an endosperm, is not as dependent upon the medium, F'urther- 
more, it has been proved conclusively that the dry wheat grain 
contains a small quantity of vitamines, while the germinating 
grains are very rich in these substances. 

Rosenheim ( 25 ) tested the effects of aiiximones on the grow th 
of Primula malacoides. After a treatment of three weeks the 
plants were found to have larger and darker leaves, as well as a 
greater abundance of flowers than the controls. 

Experimental part 

The methods used were those that have been employed by 
many previous investigators and are consequently described but 
briefly here. The source of the vitamine used was the prepar¬ 
ation knowm as Vitamine B Harris. Pyrex glassware was used 
in all cases for the culture dishes, as giving a glass with minimum 
solubility, and the water employed was distilled twice over a 
block till coiL Conductivity tests showed that this water was 
of high degree of purity. The chemicals employed were those 
of Merck and Co., Reagent grade, and as a sugar source .F^faii- 
stiehl’s sucrose was used. 

Except in one case, mentioned later, the culture flasks used 
were of 150 cc. capacity and of the .Erleiimeyer form. Fifty 
cubic centimeters of culture solution w'ere used to ea.ch flask. 
This solution was made up by the formula of Pfeffer wiucli has 
been largely'employed for similar work, I.ts composilion is as 
follows:— 

KH3PO4 ' 0.5 gram 

MgS04 0.25 

NH4NO3 . i.o 
Fe2S04 trace 

Sucrose 5.0 

Water 100 cc. 

The yeast vitamine solution-was 'added fromxi -standard solution, 
made up fresh for each set of cultures. h'Two hundred'milligrams; 
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of the vitamine powder were weighed out and dissolved in four 
cc. of water. By means of a pippette delivering a drop of as 
nearly as possible one t^ventieth of a cubic centimeter volume, 
certain definite quantities were added as follows:—■ 


Culture A 

Vit. sol. added 
(Control) 0 

Equivalent of 

oy 

/o 

H2O added 
16 drops 

a 3 

I drop 

2.5 mg. dry vit. 

.05 

15 ‘‘ 

“ c 

2 drops 

5.0 

. 10 

14 

D 

4 “ 

10.0 

.20 

12 

E 

10 “ 

25.0 

•50 

6 

a p 

16 

40.0 “ 

.80 

0 


The water was added to keep the surface areas and concentra¬ 
tions of nutrients equal in all cases. The cultures were then 
inoculated with the Aspergillus niger spores, and placed in the 
incubator, the temperature of which was kept at 35° C. After 
three and a half days the mycelium felts were filtered off on 
weighed filter paper, washed with distilled water, and dried for 
forty-eight hours in a hot air drying oven at about 70° C. 

Vitamine B was found to be a stimulant to both vegetative 
growth and reproduction of AspergilPiis niger. Table i shows 
the stimulation of growth, measured by the increase in the dry 
weight of the mycelial felts. 


Table i. Dry weights of stimulated Aspergillus cultures 



Control 

2.5 mg. 

5 

10 mg. 

35 «*«■ 

40 mg. 


.482 gr. 

•491 gr- 

•475 gr. 

■ 603 gr. 

.621 gr. 

.713 gr. 


.289 

•394 

•399 

.490 

•452 

.631 


.424 

.487 

.492 

.405 

•463 

• 554 ' 


.408 

.471 

•344 

•436 

■445 

.406 


■344 

.410 

.425 

.508 

.491 

.452 


•394 

•371 

.408 

■584 

■584 

. 608 


•345 

.417 

.386 

.526 

.676 

.689 


.380 

.320 

•399 

■398 

.442 

. 488 


.398 

.396 

.402 

.510 

■ 483 

.593 


.366 

•415 ■ 

.367 

,426 

.512 

.582' ' 


■357 

.441 

.388 

■567 

■567 

•'579 


•355 

-387 

•399 

■437 

■538 

•519 


.419 

-452 

•438 

•454 

• 572 

■.565 


•393 

.404 

•437 

.442 

• 303 

, 625 


-- 

— 

— 

-- 

...-- 

— 

Average dry 

weight 

.382 mg. 

. 418 mg. 

.411 mg. 

.484 mg. 

• 524 'Uig. 

.571 mg. 

Average in-, ' 
crease over 

Control 


9.4% 

7-5% 

26.7% 

37-1% 

49-4% 
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The revsults expressed in this table show at once some very 
striking differences as.compared with those obtained by stimu¬ 
lation with minute quantities of toxic substances, such as zinc 
sulphate. In the case of the vitamine cultures the increase in 
dry weight is very gradual. In a typical zinc stimulated cul¬ 
ture, on the other hand, the smallest dose of the salt used pro¬ 
duces a very marked increase in weight which is comparatively 
little less than the maximum yield. 

High concentrations of vitamines affect the organisms in one 
of three ways, as reported in the literature: 

(1) For certain organisms, for instance the yeasts, there is an 
optimum concentration of the vitamine, beyond which point the 
curve drops (Euler & Myrback 10, Funk & Freedman 15 ). 

(2) Only a definite amount of vitamine is available to the 
organism; higher concentrations have no effect. Thus, Lepesch- 
kin ( 18 ) states that yeast requires only a very small amount 
of vitamines, which quantity it was found needless to increase. 

(3) Chick & Hume ( 5 ) apparently do not believe in a maxi¬ 
mum concentration of vitamines. They found birds to be in a 
^Temarkably fine condition,” if fed on polished rice, and an 
excess of vitamines. 

Graphic representation of the results of the stimulation of 
growth of Aspergillus niger hy vitamine B shows a smoothly 
ascending line, thus suggesting a reaction of type 3 (see fig. i). 

A reaction of type i could not be induced, even if exceedingly 
high concentrations of vitamines were used. A series of ex¬ 
periments was carried out to establish this point. Vitamine 
powder was added to the culture medium minus the ammonium 
nitrate. The results are summarized in table 2. 

Table 2. Dry weights of the cultures minus NH.1NO3 


SO mg. 

100 mg. 

125 mg. 

200 mg. 

2S0 mg. 

500 mg. 


• 477 gr. 


. 604 gr. 

■ 685 gr. 

• 900 gr. 

.300 gr. 

.458 


-545 

.618 






■635 

.950 





.690 

•958 



• 554 gr. 


.791 

.898 



.500 


.728/ 

.996 



.596 


.846 

I '.276 



.585 


.699 

1.097 

.300gr. 

■467 gr. 

• 558 gr. 

•574 gr.; 

.711 gr. 

'X.OIO gr. 


Average' 
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Coiiidia formation in the case of the 125 mg. vitamine powder 
culture occured much earlier than in the case of the control. 
As the vitamine supply was doubled and quadrupled, sporu- 
lation was retarded. Even when the supply of vitamine powder 
was as high as 500 mg. conidia were formed at an earlier stage 
than in the controls without vitamine. 

The above experiments not only prove that high concen¬ 
trations of vifamines do not inhibit growth and reproduction of 
Aspergillus niger, but they also show that vitamine B is an ex¬ 
cellent nitrogen .source for the fungus. 

Several sets of experiments were carried out in order to 
determine whether the degree of stimulation would show any 
variation if the cultures were grown for different lengths of time. 


Table 3. Period of growth: forty hours* 


Control 
.455 gn 
.448 


10 mg. Vit.jso cc. 
.515 gr. 

.505 “ 


40 mg. Vit.jso cc. 
. 603 gr. 

.577 " 


Average , 451 gr. . 510 gr. . 590 gr. 

Table 4. Period of growth: twelve days 

Control 2.S mg. Vit.jso cc. 5 10 mg. 40 mg, 

. 532 gr. . 611 gr. . 542 gr. . 632 gr. . 698 gr. 


Graphic representation of the results expressed in tables i, 
3 and 4 shows three gradually rising lines which rim more or 
less parallel to one another (fig. i). 

The results expressed in table 4 are not in accord with those 
obtained by Lepeschkiii (IS), and Linossier ( 19 ). The former 
states that the effects of vitamines on PeniciUium glaucum and 
on yeast are noticeable only during the first few days,; when the 
organism has an excess of food, while after several days no" dif¬ 
ference between the individual cultures was noted. Linossier 
found the same thing to hold true for Oidium lactis. 

Considerable differences were noted between the microscopic 
appearance of vitamine and zinc cultures. The mycelium of the 
latter is leathery, knotted, and thrown into heavy folds. The 
mycelial felts in the case of the vitamine cultures are pi-actically 

* In order to have as large a surface area as passible, 250 cc. Erlenmeyer 
flasks were, used for this particular experiment.' . , 
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smooth, very thick and tenuous. Vitamine B accelerates the 
formation of conidia, while stimulants in the form of toxic sub¬ 
stances retard or suppress sporulation. The addition of small 
quantities of tomato juice to the medium was found to have 
exactly the same effect on the time of fructification as the ad¬ 
dition of yeast vitamine. It appears that in the case of Asper¬ 
gillus ?tiger early conidia formation is one of the main reactions 
caused by vitamines. 



mg. cf vitamine powder per 50 cc. of solution 

Fig. I. I, growth in forty hours; 2, growth in three and one-half days; 
3, growth in twelve days. 

To study the stimulation of the fungus during its early 
stages of growth, the percentage of germinating spores within a 
given time had to be determined. Hanging drop cultures in the 
usual Van Tieghem cells were used for this purpose and the 
culture solutions prepared as for the flasks. As few spores as 
possible were inoculated into the hanging drop. The cultures 
were grown in an incubator at 35'^ C. The results expressed, 
in TABLES 5 and 6 suggest that the maximum reaction, of vita- 
mines on Aspergillus niger occurs within the first five hours after 
inoculation. 

In another series of experiments vitamine powder was added 
to double distilled water, instead of to; the.'culture solution. 
Analogous results' , to those expressed, in tables 5 and , 6 were 
obtained, and are set forth in tables 7-9. 
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Table 5. Percentage of germinating spores, five hours after inocu¬ 
lation IN NUTRIENT SOLUTION + VITAMINE: 



Control 

2.5 wg. 

5 mg. JO mg. 

25 mg. 

40 mg. 


52.1 

72.4 

72.0 79.0 

82.7 

81.3 


56.3 

66.6 

71.I 78.2 

84-3 

84.1 


65.3 

70.7 

73-8 77-8 

90.1 

93.2 


64.4 

76.4 

84.6 86.0 

91.2 

91-4 


44.2 

83.6 

81.2 82.7 

89.0 

90.2 


52.9 

75-6 

81.5 82.3 

81.3 

88.1 

Average 

55-8 

74.2 

77-3 8l.o 

86.4 

88.05 

Table 6. 

Percentage of germinating spores, nine hours after inocu- 

LATION 

IN nutrient 

solution -j- vitamine: 




Control 

2.5 mg. 

5 mg. JO mg. 

25 

40 mg. 


95-9 

97-8 

96.1 96.0 

97.9 

98.9 


82.3 

92.8 

94.2 92.9 

97.9 

97.0 


83.1 

92.7 

92.2 94.0 

96.8 

97.0 

Average 

87.1 

94.4 

94.19 94.3 

97.5 

97-3 

Table 7. 

Percentage of germinating spores, five 

hours after inocu- 

LATION 

IN distilled 

WATER 4- vitamine: 




Control 

2.5 mg. 

JO mg. 

25 mg. 

40 mg. 


9.1 

34-8 

50.6 

59-9 

65-7 


7.2 

25-5 

45.3 

50.3 

67.0 


10.1 

25-2 

44.0 

53.3 

62.1 

Average 

8.8 

28.5 

46.6 

54 <5 

64,9 

Table 8. 

Percentage of germinating spores, ten 

HOURS AFTER INOCU- 

LATION 

IN^DISTILLED water -p VITAMINE: 




Control 

2.5 mg. 

JO mg. 

25 mg .' 

. 40 mg. 


17.6 

44*0 

55.4 

61.8 

83.3 


Table ' 9.' ■ Percentage of germinating . spores, twenty-four hours' 

after INOCULATION IN DISTILLED WATER + VITAMINE: ' ■; , , 


Control 

2.5 mg. 

10 mg. 

2S mg. 

' ' 40 

mg. 

28.1 

68,6 

72.2 

80.3 

. 'n- 


25.9 , 

67.7 

73*4 

81.9 

:':88, 

■ 7 \: 

27.. 0 

68.1 

72.8 

81.1 

91. 

.1 , 


Average 
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The results set forth in tables 5-9 are siiiiiniarized gTi-i|:)hi- 
cally in, fig. 2 . 



mg, of vitamine powder per 50 cc, of solution 

Fig. 2. I and 2 in nutrient solution 4 - vitamine, after five and nine 
hours respectively. 3, 4 and 5 in distilled water ■-}- vitamine, after five, ten, 
and 24 flours respectively. 

The above results cannot necessarily be interpreted to mean 
that' vitamines,, and not the culture medium, are the all im¬ 
portant factors in the germination of Aspergilhis. Evidently, 
the spores of this fungus contain a very limited amount of stored 
food,'.which enables them to germinate in double distilled water. 
The. vitamines,,, in this, case, besides stimulating ge,rmiiiation, 
certainly act, as a food supply. The relative i,mportaiice'„ of" 
these factors will be discussed later. 

Microscopic examination of young germinating spores grown 
in nutrient solution with and without vitamines^ revealed: certain 
marked '.morphological differences. , The spores of, the vitamine 
'cultures', were "'found' to ■develop lo'ng, ■ straight hyphae which 
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branched little. The branchlets are short, blunt, and uneven 
in diameter. In the controls the hyphae are comparatively 
short, but they show profuse branching. The difference between 
the different cultures does not become evident until at least nine 
hours after inoculation. Figs. 3-7 illustrate this point. 

Very marked' differences were observed in a thirty-six hour 
culture (Figs. 8-13). The control exhibited normal primary and 
secondary branching. Spores grown in the highest concen¬ 
tration of vitamines (40 mg./50 cc. of solution, circa 0.8 per cent) 
showed long straight hyphae, at the ends of which developed the 
usual primary and secondary branchlets, short and peculiarly 
blunt. Long, slender hyphae with exceedingly long cells grew 
out from these branches. Anastomosing between these secon¬ 
dary hyphae was frequently observ^ed. The whole gave an im¬ 
pression as though growth, for some reason, had been tempo¬ 
rarily arrested, and then suddenly resumed. Between the two 
extremes—control and most highly stimulated culture—all in¬ 
termediate stages were found (figs. 6~ii). 

Anastomosing between different hyphae was occasionally 
observed in the stimulated cultures, but never in the controls 
It was very abundant in the cases where the fungus was given 
vitamine powder as its only nitrogen source, and thus appears to 
be one of the characteristic effects of vitamines. 

The determination of the economic coefficient of sugar 
showed that, in this regard, vitamine cultures behave in the 
same way as cultures which are stimulated by small doses of 
toxic salts: stimulation results in the raising of the economic coef¬ 
ficient of sugar/ though in small amount. 

Table 10. Mg.'.mycelium formed per ioo mg. of sugar used ; 



Control 

5 m- 

10 mg. 

25 mg. 

40 mg. 


35.4 nig. 

35- 88 mg. 

35, 83 mg. 

36.2 mg. 

38. 1 -mg. 


: 

41-7 

49.5 

42.. 6 

' 45 -a 


36.3 

34-1 , 

37.0 

41.4 

39-3 


, 35 - 2 ' 

38.7 . 

3^-0 

4 L 5 

42.6 

Average 

36.0 mg. 

37 -5 mg. 

40.0 mg. 

'40 * 4 ' mg. 

41.3 mg. 


Richards ( 23 ) explains the raising of the economic coefficient 
of sugar as follows: . . the direct action of irritant substances 

. . . which produce an increased growth of certain fungi is to 
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enable the latter to dispose more economically of the sugar used 
(i.e, to raise the economic coefficient of sugar) thereby permitting 
a more rapid production of dry substance in a given time.” In 
the case of the vitamine cultures another explanation might 
possibly be resorted to: Funk ( 13 ) suggested that vitamines play 
an important r 61 e in the assimilation of carbohydrates. From 
his point of view it might be argued that in the vitamine cul¬ 
tures the fungus is able to assimilate the sugar more easily, and 
to use it more economically. 

Richards ( 24 ), discussing the conidia formation in relation to 
the economic coefficient of sugar states that ‘^Whether it is the 
more economical working of the protoplasm which inhibits the 
formation of conidia, or whether the absence of the latter results 
in less waste of energy in metabolism is perhaps a question, 
though probably most would agree that the spore-forming process 
is one that demands a greater expenditure of energy than the 
mere vegetative growth of the hyphae.” This explanation holds 
good in all cases where stimulation expresses itself in increased 
vegetative growth, and inhibition of the reproductive factor. 
For vitamine cultures, where both phases of growth are stimu- 
lated, the explanation of the phenomenon has evidently to be 
sought elsewhere. 

The acidity of the stimulated cultures was found to be less 
than that of the controls. It was determined by titration with 
standardized N/20 sodium hydroxide. No determinations of 
the hydrogen-ion concentrations were made. The filtrate left 
at the end of the experiment was made up to 100 cc., and an 
aliquot portion titrated, phenolphthalein being used as indi¬ 
cator. Upon deducting the original acidity of the medium from 
the final acidity, the acid formed in the metabolism was deter¬ 
mined. The value of this amount has to be considered as rel¬ 
ative only, inasmuch as some acid may be broken down further, 
or taken up again in the anabolism of the fungus. 


Tablet I. 


Average' 


CC. N/20 ACID FORMED PER 100 MG. OF MYCELIUM (DRY WEIGHT) 


Control 

2 ,S mg. 

5 wg. 

10 mg. 

2S mg. 

40 mg. 

3-24 

2.33 

2.95 

1.70 

1.60 

1.02 

1.64 

1.81 

1.41 

U13 

1.38 

1 . 35 ' ' 

2.34 

2,40 

2.15 

2.37 

1.97 

,i. 54 ' 

2.40 

2.18 

2,17 

■ ■ 1-73 

1.65 

T.'30 '' 



:but 'Witb 
re solution 
after sow- 
ine' per cc. 
in-oultures 
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The effects of vitamine powder on wheat 

Clean, syntiietic sand was placed i.ii small glass jars, and 
sterilized in tlie hot air oven at 150” C. for one hour. Geriiii- 
iiatiiig grains of Tritictmi viilgarc (white winter wheat) W'ere 
planted in the jars. I3istilled water, instead of nutrient solution 
was used in these experiments, so as to make the grains entirely 
dependent upon the endosperm, and the vitamine powder. 
Drying up was prevented by keeping moist filter papers over the 
jars during the first few days, and by placing bell-jars over the 
cultures. After ten days the wheat seedlings were removed 
from the jars, the sand carefully washed out from the roots, and 
the epicotyl measured. The remainder of the endosperm was 
removed, and the seedling dried to constant weight in a hot air 
oven at 70 ® C. The results are summarized in table 12 . 

Table 12. Effects of vitamine powder on wheat 

Control 20 mg, Vit.ljo cc, 40 mg, cc 


Seedlings counted 

172 

228 

137 

Average length, cm. 

. II. I 

13.06 

13-8 

Average weight, lug. 

19,8 

22.0 

20.3 

Av. w’eight per cm., mg. 

1.78 

1.67 

1.36 


As had previously been observed by Bottomley (2), the 
vitamine powder (or auximone) stimulates the growth of wheat 
seedlings* It is a well known fact that germinating wheat 
contains vitamines. Just how and where these growth accessory 
substances are produced is an open question. From the above 
experiments it appears that the wheat can assimilate more vita- 
mines than it .has at its disposition during germination. Ap¬ 
parently .'vitamine powder does not produce any inhibition of 
growth, even if the concentration ■ is fairly high. A limiting 
factor' of growth meiy be the luxuriant development of bacteria 
in high concentrations of vitamines. This troublesome factor 
was never met with in the Aspergillus cultures, probably on 
account of the high acidity of the medium. Bottomley would 
possibly' attribute the stimulation '■ of wheat, observed in the 
■'above experiments, not to the vitamines directly, but to the 
bacteria fro,m which growth accessory substances are supposed 
to diffuse out into the medium. 

The macroscopic appearance 'of - the epicotyls, of' seedlings 
grown in distilled water with'or without vitamines showed'very 
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little difference. All the plants appeared dark green and healthy. 
The seedlings of the stimulated cultures often showed a poorly 
developed root system. They differed furthermore from the 
controls by being very weak: a slight draught proved sufficient 
to bend the plantlets. Time did not permit the study of the 
anatomy of seedlings grown in different solutions. 

The calculation of the average weight per centimeter is of 
relative value, inasmuch as only the length, but not the width 
of the leaf could be taken into account. The numbers are of 
interest in connection with the suggestion that the seedlings of 
the vitamine cultures have poor supporting tissue. 

Bottomley observed that if the endosperm of wheat is re¬ 
moved at an early stage the seedlings do not develop normally 
To verify This point the endosperm of wheat seedlings grown 
on Knop’s solution with and without vitamines was removed 
when the epicotyl was about one inch long. The plantlets of 
all the different cultures seemed to develop normally, although 
more slowly than if the endosperm was present. The normal 
development of seedlings grown in mineral solutions explains 
itself probably by the fact that the embryo of wheat is very rich 
in vitamines, and that it can draw upon this supply for a con¬ 
siderable time. 

The effects of vitamine powder on Lemna minor 

The cultures were grown in black painted, sterilized battery 
jars. Knop's solution was used as medium. The experiment 
was set up as follo'ivs: 

I. Control: 600 cc. of solution. 

IL 600 cc. of solution -f* 240 mg. of Vit. powder, unsterilized. 
in. 600 ‘C + 240 sterilized. 

^ IV. 600 . -f 480 ■ unsterilized. 

V. 600 “ -1-480 “ ‘‘ sterilized. 

Twenty-five mature Lemna plants, each consisting of three 
leaflets, were placed in each jar. The culture was grown for 
three weeks. Once a week the leaflets were counted, the solu¬ 
tions changed, and the jars thoroughly cleaned. This proved 
to be necessary, inasmuch as a thick bacterial scum developed 
regularly in all the solutions containing any vitamine. Ster¬ 
ilization of the media helped little: the bacteria were apparently 
introduced with, the, plants,■■ and the '.acidity 'of'the culture 



306 


BULLETIN OF THE TORREY CLUB 


[VOL. 52 


solution was not sufficiently high to check the develop merit of 
these organisms. 

After the first week the control plants had practically all 
broken up into single leaflets which looked yellowish and sickly. 
The plants grown in solutions II, III, IV and V, on the other 
hand, were dark green. Each one consisted of three to five 
leaflets. As table 13 shows, the number of control plants in¬ 
creased hardly at all during the two following weeks, while the 
reproduction of the plants of the remaining cultures appeared 
markedly stimulated. 


Table 13. Stimulation of Lemna mtnor 



Control 

II 

III 

IV 

V 

One week 

96 

119 

128 

146 

141 

Two weeks 

no 

162 

164 

169 

199 

Three weeks after inoculation 

126 

189 

197 

243 

297 


Contrary to expectation, the vitamine culture during the 
first week of growth showed marked stimulation of vegetative 
reproduction, while the second week brought a slowing down of 
this process. The maximum reproduction in the case of IV and 
V was obtained during the third week. 

These observations only partly confirm the results of Bot- 
tomley, who found his maximum reaction to occur during the 
second and third weeks. Bottomley’s tables furthermore show 
a much more marked stimulation than was obtained in the above 
experiments. The luxuriant development of bacteria in the 
vitamine cultures constitutes possibly a limiting factor on the 
rate of growth. On the other hand, it might be argued that 
since Bottomley obtained his growth promoting substances 
from bacterial cultures, the stimulation in the above experi¬ 
ments might be due, not to the vitamines as such, but rather to 
substances which diffuse into the medium from bacterial cells. 
Reasoning from analogy with the Aspergillus and wheat cultures, 
this suggestion will hardly hold good. 

Discussion 

Aspergillus niger develops normally in Pfeifer’s solution 
without any accessory substances. Both vegetative growth and 
reproduction are accelerated by the addition of small amounts 
of vitamine B to the medium. 'The main stimulating,effects.'of 
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the growth accessory substances upon Aspergillus niger were 
found to occur during the first five hours after inoculation. The 
ratio of the dry w’eights of the mycelial felts of the stimulated 
cultures, and the controls is practically constant, whether the 
cultures be reaped forty hours, three and one-half days, or 
twelve days after inoculation. In this regard, the results of the 
experiments described in this paper are at variance with the 
observations of Lepeschkin and Linossier, who found that vita- 
mines have a stimulating effect upon Penicillium glaucum and 
Oidium laclis only during the very earliest stages of growth. 

In the opinion of Steinberg ( 27 ) the cause of stimulation is 
the increased acidity of the medium, due to the addition of 
certain substances. The results of the experiments described 
in this paper might be interpreted along this line (table ii), but 
there are reasons to believe that the matter is more complicated. 

The effect of vitamine B upon Aspergillus niger may be 
catalytic. If Funk’s conception that vitamines are of utmost 
importance in the carbohydrate metabolism is correct, the sugar 
in the stimulated cultures would be more available to the or¬ 
ganism. The economic coefficient of sugar would thus be raised: 
the different phases of growth could be carried on with greater 
ease and rapidity. To prove the point whether vitamine B acts 
as a catalyst in the sense that it renders the carbohydrate more 
available to the organism, it would be necessary to determine 
the amount of vitamine still present at the end of an experiment. 
For obvious reasons, such a determination is involved with 
great difficulties, if not impracticable. 

It is most probable that the effects of vitamine B are those 
of an increased organic food supply, or that the substance acts 
as a stimulant in the sense that small amounts of toxic substances 
act as stimulants.: 

Several considerations are in favor of the former conception* 
Stimulation of the vegetative growth, expressed by the increased 
dry weights of the mycelial felts is much more nearly quanti¬ 
tative than is the case for instance with a typical ^inc culture 
(tables I, 3, 4, FIG. i). Furthermore, Aspergillus niger glows 
profusely in media containing vitamine powder as the only 
nitrogen source (table 2). There is no definite optimum nor 
maximum concentration of the vitamine in the culture solution* 
Fleming (11) suggested that the addition of organic nitrogen to 
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a medium containing only inorganic nitrogen might cause stimu¬ 
lation. To determine the correctness of this conception it will 
be necessary to make quantitative analyses of the nitrogen 
content, as described by Latham ( 17 ). (Jii the other liancl 
stimulation is -found with very small doses of the vitamiiie pre¬ 
paration, where the added nitrogen content can hardly play a 
significant rdle. 

However, taking into consideration the raising of the eco¬ 
nomic coefficient of sugar, and the lowering of the total acidity, 
it seems more logical to suppose that the effects of vita mine B 
are similar to those obtained by the addition of minute doses 
of toxic substances to the culture medium. The main difference 
between vitamine and zinc cultures lies in the fact that, in the 
cavse of the former, sporulation is never suppressed, nor even 
inhibited, but on the contrary stimulated, while, at the same 
time, the development of the mycelium is not as markedly 
stimulated. These two observations do not constitute a point 
of vital difference between the vitamine and the zinc cultures. 
They may easily be explained by supposing that two factors are 
brought into play by the addition of vitamine powder to the 
medium, one factor stimulating vegetative growth, the other one 
important in reproduction. It is easily conceivable that the 
vegetative factor is limited by the reproductive factor. It 
appears that the vegetative factor is at its optimum if the con¬ 
centration of the vitamines is lowest, i.e. at 0.05 per cent. 
Table i and fig. i show that comparatively higher weights of 
the mycelia are obtained with this concentration than with the 
next higher. A further argument in favor of the doiilde stimu¬ 
lation effect is the fact that the germination of spores is markedly 
stimulated by very low-concentrations of vitamines (tables'5, 
6). During these earliest stages of growth the vegetative factor 
alone is at work. 

These arguments lead the writer to believe that the effects 
of water 'soluble vitamine B upon, the vegetative growth of 
Aspergillus niger are similar’ to those .produced by small doses 
of toxic substances. 

,. ' This-work was done, under the guidance of 'Professor, Herbert 
M. Richards., for .whose, kind 'advice' and, criticism ■ the writer is 
. greatly'indeb.ted.'. ■, 

■,L;:’''BaRNAI®(CpLLE.GE,' . . 
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The embryogeny of Cephalotaxus Fortunei* 

John T. Buchholz 

(with plate io and two text figures) 

The embryogeny of Cephalotaxus is of very great interest 
in a study of the comparative morphology of conifers. Cephalo¬ 
taxus is usually included among the Taxineae, but the embryo 
has been reported as having certain points of comparison to 
the Abietineous type of embryo: it has a terminal cap which 
may be homologous with the embryo cap of Araucarians and it 
furnishes a key to the homologies between the embryos of the 
other Taxineae and Podocarpineae. The conclusions reached 
in this paper apply to embryogeny only, and it is fully realized 
that they must be considered in connection with other morpho¬ 
logical facts in any final decision concerning the proper affinities 
of this genus. As such we believe that comparisons based on 
the embryogeny should be among the most important considera¬ 
tions, and this study aims to emphasize this phase in the mor¬ 
phology. The interpretation given here, while a new one, was 
suggested in its main outline in the writer’s resume of conifer 
embryogeny (1920) and finds much additional support from the 
first-hand examination of this material. 

Material and methods 

The material for this investigation was kindly furnished by 
Dr. W. C. Coker in 1921, from trees growing in the Arboretum 
at Chapel Hill, North Carolina. Living twigs of Cephalotaxus 
Forkmei were sent to the writer in four collections, from June 
19 to August 3, 1921. The gametophytes were removed and 
their embryos dissected out in the living condition with the 
aid of a Greenough binocular microscope under a sugar solution 
of about gram molecular concentration. ' These'were placed 
immediately in a killing and preserving fluid consisting of 6 
per cent formalin in 50 per cent alcohol. In this condition they 
were preserved for several years. In the technique of mounting, 

’^ Publication No. 20, University of Arkansas Journal Series. 
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tlie embryos were washed and then stained for fifteen minutes 
in Delafield’s haemotoxylin, de-stained slightly with acidulated 
water, after which they were again washed, placed in 10 per 
cent glycerine and left for several days in the open, protected 
from dust, until the glycerine became fully concentrated. The 
glycerine was washed out with several changes of 95 per cent 
alcohol, from which they were transferred to absolute alcohoL 
From this they were mounted in diaphane (a new mounting 
medium manufactured by the Will Corporation, Rochester). 
A previous test of this mounting medium with algae indicated 
that It would be best to transfer the material into diaphane 
gradually, first placing it in a mixture of half diaphane, half 
absolute alcohol. The embryos were therefore placed on a 
slide from the absolute alcohol and this 50:50 solution dropped 
on them immediately. The alcohol evaporates rapidly, and 
may be followed in from one to three minutes by the pure 
diaphane medium, and covered. 

This medium seems to possess most of the advantages of 
Venetian turpentine used in the writer’s previous work, and saves 
a little time. It also hardens faster than Venetian turpentine, 
and does not emulsify when moisture is absorbed from the air. 
The blue stain of the haemotoxylin is rendered brown, which 
is of no disadvantage for direct observation and has some 
distinct advantages in photographic work. Sections were made 
of the embryos in the last collection. These were killed in forma¬ 
lin-alcohol, cut in paraffin,stained with Haidenhain’s haemotoxy¬ 
lin, counterstained with gold orange and mounted in Canada 
balsam. 

The photomicrographs were made with an Edinger apparatus, 
using Bausch and Lomb Micro-tessars stopped down, and the 
low power microscope' combination of^ the apparatus (% inch 
objective and 8X aplanoscopic ocular) with Cramer’s contrast 
plates. 

Previous investigations 

Cephalotaxus has been investigated morphologically by Stras- 
burger (1879), ' Anioldi (1900), Coker (1907), and Lawson 
(1907), The various other investigations, of this specieS' did not 
include accounts of the embryogeny. Strasburger’s observations 
■ begin with the' organized proembryo,, while'Arnoldi,; Coker and' 
, Lawson'included earlier stages. ^ The first,three of 'these in-: 
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vestigators included only Cephalotaxus Fortunei, while Lawson 
was largely concerned with Cephalotaxus drupacea^ though he 
also examined material of the former. There seem to be no 
important differences between these two species. The pro¬ 
embryo stages are briefly outlined below in order to make the 
present description more complete, but the writer’s observations 
were confined to the stages after the walls were formed and the 
suspensor cells were beginning to elongate. 

Proembryo 

The proembryo of Cephalotaxus has been described by the 
above mentioned investigators and in the main outline these 
accounts are in substantial agreement. A good summarized 
account of this is given by Coulter and Chamberlain (1910). 
All of the cells formed are confined to the lower portions of the 
archegonia, which are very long and narrow, and decidedly 
pointed at the lower end. Walls do not appear until after sixteen 
free nuclei have been formed. The first walls appear on the 
division spindles after the four simultaneous nuclear divisions. 
Additional cells are soon formed so that at least thirty-two cells 
or probably more, are formed in the entire zygote before the 
suspensor elongates. As soon as the suspensor cells are dis¬ 
tinguishable by their slight enlargement, we may recognize the 
embryo as organized Into four groups of cells, some of them ar¬ 
ranged more or less in tiers. This tier arrangement is not at all 
even as in Abietineae, and the further meristematic activity of 
the different regions which might be assigned to various tiers 
of cells make these stages much more irregular and variable 
in appearance than in such forms as Pinus, 

The thirty-two cells are shown by Coker (1907) in his figure 
Ip, and these are crowded into the base of this narrow cone- 
shaped archegonium with a single cell at the point, overlaid 
by the other cells, vso that passing upward, one observes more 
and more cells somewhat unevenly placed, but all crowded 
into the lower third or two-fifths of the archegonium. 

The large cell at the bottom of the archegonium forms a 
penetrating cap which appears to protect the primary embryo, 
much as a root cap protects an advancing root tip. The several 
adjacent cells above this, below the mass of embryonic meristem 
also remain large and inactive and are to be included with this 
lower one, as a group of cells forming the cap. 
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The next -group of cells above the deciduous cap is a very 
active mass of cells which become small on account of their 
meristematic activity and are somewhat irregular in their "ar¬ 
rangement. These cells which ultimately contribute the primary 
embryo can therefore not be spoken of strictly as a tier of cells. 
Above these is a third more even tier of from five to seven or 
more cells which form the primary suspensor and can be recog¬ 
nized as soon as these cells begin to elongate, while a fourth 
group of cells above the suspensor tier is composed of cells which 
are soon actively dividing, constituting the “rosette’' cells. 
From all of the four accounts of the proembryo we have no 
evidence of the existence of a tier of free nuclei above this 
rosette group, another point wherein the proembryo of Cephalo- 
taxus differs from that of Abietineae. In a sense the rosette 
ceils of Cephalotaxus are therefore not strictly homologous to 
the rosette cells of the pine embryo, but since these are the 
uppermost walled cells in both cases above which the basal 
plate appears, we will speak of them as the rosette cells in this 
discussion. 

Description of observed stages 

The present investigation begins with young embryos of the 
type shown in fig, i. Here we see two neighboring embryo 
systems coming from adjacent archegonia. A few stages younger 
than these (before suspensor elongation) were found, but could 
not be reproduced satisfactorily by photography and were 
therefore omitted. 

In FIG. I, the cap cells may be seen on each of the primary 
embryos. Above these are the groups of meristematic cells 
which give ..rise to the embryos proper, and above these are the 
primary suspensors which are made up of five to eight collateral 
elongating cells. A group of rosette cells is shown above this, 
and the plug of opaque substance which forms in the, egg above 
the embryo is present in the zygote shown at the left. This 
probably corresponds to the basal plate of Abietineae. In the 
embryo to the right, this was lost in dissection. 

The cavity of the gametophyte, into which the primary 
embryos are pushed ' by their. suspensors, is formed , by the^ 
corrosive action of enzymes which'are secreted from some or all 
parts of the embryo. While mechanical action of the suspensors 
keeps^ the . 'several embryos pushed fomard ' as far as possible 
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in this cavity, the digestion actually precedes this mechanical 
action. Lawson (1907) describes a clear space in advance of 
the embryo tip, and in a study of the pine and other conifers, 
it has appeared certain to the writer that the suspensor does 
not force the embryo in a crushing manner through the firm 
living gametophyte tissue. Since these studies were made from 
dissections, no such sectional views as those mentioned by Law- 
son were observed. From the ease with which the embryos 
were removed there was very little or no evidence which would 
indicate that the suspensors were mechanically pushing their 
embryos forward faster than the digestive action of the enzymes 
•opened up the cavity occupied by the embryos. Doubtless 
they crush aside the remains of collapsed cells after the enzy¬ 
matic action has rendered the gametophyte tissue spongy. 

The primary suspensors are at first straight and rather stiff, 
but in time they become coiled and twisted. They continue to 
elongate without the addition of a secondary suspensor in the 
form of embryonal tubes, until they have reached a great length, 
those in fig. 4 measuring over 7 mm. long, counting the twists. 
Thus the embryonic cell group is pushed forward far into the 
gametophyte tissue, and during the stages represented between 
FIGS. I and 5, the large cap cell is usually lost. According to 
Lawson, it is lost very early in the succeeding stages. Fig. 4 
represents the embryo systems from two adjacent archegonia, 
which had a very even start and developed side by side. It 
may be seen in fig. 5, that the larger of the two primary embryos 
has lost its largest cap cell while the smaller still retains all of 
the cap. This is probably a late stage in which to find this organ 
present. In fig. 3, an embryo is shown probably without its 
largest cap cell (though this may have been loosely attached 
and lost in the dissection). It is interesting to note that in the 
writer’s earlier stages (figs, i and 3) the nuclei of these sus¬ 
pensor cells, together with a dense mass of cytoplasm, are 
situated in the lower end of the suspensor, i. e., near the mass 
of embryonic cells, but by the time the stage of fig. 5 is reached 
they are usually not found. This position of the nucleus was 
also observed by the writer in practically all conifer embryos 
which he has had occasion to examine. 

It is especially interesting to note that several embryos from 
different eggs are engaged in an embryonic “struggle for exist- 
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eiice’^ and the suspensor Is the weapon by which the adversaries 
are overcome. As the embryos grow longer (figs, 7-8), they 
give off a massive suspensor of embryonal tubes as in other 
conifers. These originate from the cells of the primary embryo 
nearest the older portions of the suspensor. These succevssive 
waves of elongating cells sometimes become entangled with 
their adversaries and sooner or later the vanquished are pushed 
back to the archegonial region until only one, the successful 
embryo, occupies the favorable position, which insures its 
survival as the embryo of the seed. Embryonic Selection is a 
special form of Developmental Selection and its significance in 
evolution has been outlined elsewhere (Biichholz, 1922). 

The embryos derived from the rosette region 

An outstanding new item in the present investigation is the 
demonstration that usually other embryos are derived from the 
rosette region. The group of rosette cells (upper part of figs. 
I, 2, and 4) are all meristematic, and when followed through 
later stages (figs. 7-9) become active, developing into embryos. 
They are devoid of a primary suspensor, but soon become many- 
celled and of good size, sending out the embryonal tubes of a 
secondary suspensor (figs. 7-9), thus demonstrating that they 
are in the nature of real embryos. Their orientation is vari¬ 
able and probably they grow out in any direction. They do not 
possess the deciduous cap cells found in the primary embryo. 

It is clear that in Cephalotaxus each zygote gives rise to 
several rosette embryos in addition to the primary embryo, 
which demonstrates that we are dealing with a compound 
embryo, that we have here a partially suppressed form of 
cleavage polyembryony. 

Fig. 8 shows an embryo which is double. There is one large 
embryo and beside it a small one, as if to indicate an instance of 
cleavage polyembryony in the primary embryo. It is more 
probable that these are the embryos of two archegonia, as if 
FIG, 5 had developed to a later stage. Of counse, it is not impos¬ 
sible that the main embryo may divide, but aside from FIG. 9, 
no apparent evidences of cleavage in the primary embryo have 
come to the writer’s notice in the course of these studies, and 
it seems certain that cleavage of -the primary zygote is' at least, 
,not frequent. From the-external appearances of the embryos. 



ms] 


BUCHHOLZ: EMBRYOGENY OF CEPHALOTAXUS 


317 


there is no evidence for the existence of an apical cell.at any 
stage in the primary embryo, and there is also no external evi¬ 
dence of an apical cell in the rosette embryos. 

Sections of later stages in the primary embryo are shown in 
FIGS. 10 to 12. The evidence which we have here indicates that 
the stem tip meristem is the last region of the embryo to become 
organized. In the Pine, the stem tip appears as a slight swelling 
before there is any evidence of the cotyledons, and while it does 
not develop further, it remains as a dome-shaped protuberance 
from this stage on. Fig. 10 shows the plerome, periblem, and 
dermatogen all organized. The latter extends well down the 
sides of the root cap. In the pine, the plerome of the root tip 
is the first region to differentiate and the dermatogen is not 
definite until much later. The cotyledon primordia are organized, 
and the plerome strands are beginning to extend into the coty¬ 
ledons. The periblem is indicated between the dermatogen and 
plerome but is not sharply differentiated at the point where it 
joins the root cap, and the root cap further merges insensibly 
with the susponsor. 

In the next stage observed (fig. ii), the periblem is becoming 
more distinctly differentiated from the suspensor, but its separa¬ 
tion is not sharp even in fig. 12. The epidermis in fig, 12 may 
be seen to extend well down the sides of the root cap to the 
suspensor region and it appears that the periblem and root 
cap are a continuous tissue of cells which merely become larger 
and more vacuolated as one passes from the plerome to the 
suspensor region. This entire region of the embryo is short 
compared with that of the pine embryo, where the periblem of 
the root tip and the root cap constitute nearly half of the length 
of the embryo at the time when, the seed is ready to be shed. 

The triangular mass of substance above the flat stem tip be¬ 
tween the cotyledons (figs, ii, 12) is composed of a mass of 
undigested cell walls which have accumulated from the disinte¬ 
grated cells of the surrounding gametophyte tissue. In the 
embryo of fig. 10, a similar plug of some kind was removed with 
difficulty during the dissection. This object was found in all 
the embryos which were sectioned, but it is in no way derived 
from'embryonic tissue. ^ , 

The largest embryos which were sectioned showed a hollow 
pith cavity in the middle of the plerome region as indicated in 
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FIG. 12. This was found in all other embryos of this size. It 
is evidently formed by a breaking down of the cells of the 
plerome, and is accompanied by a swelling of the central, region 
of the embryo. The embryo chosen for illustration in fig. 12 
did not show the swelling as much as some others. About 
twenty of these later embryos which were removed from the 
ovules all proved to possess two cotyledons. 



Fig. II. Section of older embryo of Cephaloiaxus showing cotyledons 
half grown, periblem sharply differentiated from pleronie and less distinctly 
from root cap. The stem tip is still fiat, A plug of crushed cells derived 
from the disintegrated gametophyte tissues, lodged above the embryo body 
between the cotyledons, is not a part of the embryo. X tS. 

Fig. 12. Embryo of seed in a stage nearly fully developed, but in which 
the stem' tip is still flat and undifferentiated. Periblem. has become more, 
sharply differentiated from pleronie, and the dermatogen extends distinctly 
over root cap to the region of the suspensor. A pith cavity of broken down 
cells lijas appeared in the center of the pleronie. X 18, 
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Discussion 

Previous investigators have compared the proembryo to that 
of the pine. There are, however, many points of difference and 
the homology between the embryogeny of Cephalotaxus and 
that of Finns is not so evident from appearances. The first 
walls of the pine proembryo come in after eight free nuclei are 
formed, while in Cephalotaxus there are sixteen.free nuclei before 
the cell walls appear. The terminal four cells in the pine pro¬ 
embryo function actively as apical cells for the respective four 
embryos while in Cephalotaxus the lowest cell which corresponds 
to the apical cell of the primary embryo in position is a single 
cell. It enlarges and becomes the terminal cell of the group 
constituting the cap. Finally we have a proembryo of many 
cells rather than one of sixteen cells at the time when the sus- 
pensors begin to elongate, and there appears to be no apical 
cell stage at all in the Cephalotaxus embryo. 

The writer feels convinced from this study that the key to 
the real homologies between the parts of the embryo of Cephalo¬ 
taxus and those of pines and other conifers lies in its cleavage 
polyembryony. 

If embryo initials are represented by the proembryo at the 
time when the first walls are formed, then Cephalotaxus^ which 
has walls organized around all of its nuclei when walls first 
appear, represents sixteen potential embryo initials, If any of 
the subsequent divisions represent still further organization of 
greater cleavage polyembryony there may be even more, as is 
probably the case in Sciadopitys (Buchholz, 1920). Of course, 
Cephalotaxus hdLS practically eliminated the cleavage polyem¬ 
bryony for the primary embryo; at least the writer found only 
one instance (fig. 8) where two or more embryos could have 
been formed by division of the meristematic mass of cells next 
to the cap cell, and this one is extremely doubtful. The writer 
believes that the organization of this cap was partially, if not 
largely instrumental in the elimination of cleavage polyembryony 
during the early stages. Lawson (1907) states that ^‘tlie early 
meristematic activity of the (primary) embryo may explain the 
necessity for the development of the terminal cells into a pene¬ 
trating cap. This explanation finds support in the fact that the 
cap cells are thrown off very soon after the suspensors are devel¬ 
oped/*' , At any rate, if excessive cleavage polyembryony existed 
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ill forms ancestral to Cephalotaxtis, the cap was probably not 
then present, and its origin may have been associated with the 
suppression of both cleavage polyembryoiiy and the apical¬ 
cell stage. The present protective function as an organ of pene¬ 
tration or even as a secreting organ is not denied in assigning 
this role to the cap cells, but the writer is also convinced that 
this is not a very essential organ, for embryos frequently shed 
their caps in early stages and most conifers have no such organ 
at any stage of their embryogeny. 

The cap cells are therefore not homologous with anything 
in the embryo of the pine unless they represent one or more 
abortive embryo initials. The mass of cells of the embryo proper 
above the cap cells represents a large number of the embryo 
units (embryo initials) corresponding to the four which separate 
in Pinus and the probably larger number found in other conifers 
such as Sciadopitys (Buchholz, 1920). The suspensor cells may 
represent the first cells cut off by some of the embryo initials 
of this group, or more probably they represent still other embryo 
initials which elongate. In the pine, the rosette cells which are 
unquestionably embryo initials sometimes elongate as suspensor 
cells in such a manner. That the rosette cells are embryo 
initials is fully demonstrated. 

Though the group of rosette cells above the suspensors were 
observed by others, they have apparently not been studied, at 
least their destiny as embryo forming cells was not suspected. 
Strasburger (1879), Coker (1907), and Lawson (1907) mention 
them as a group of rosette cells, but followed them no further. 
Coker agrees with Strasburger’s observation in noting these 
rosette cells, probably of the stage shown in fig. 2. 

While Strasburger figured the early stages of these rosette 
embryos without comment, Coker and Lawson both figured 
small secondary embryos above the primary one in an older 
stage, but regarded them as the result of later fertilization of 
archegonia, which is also possible in the sections which they 
figured. Lawson considered them as possible cases of embryos 
budding from the main group of embryo cells and the formation 
of small secondary embryos. These however, are not frequently 
found. As a rule there is but one embryo formed from a single 
archegonium. ’’ It is likely that both Lawson and Coker were 
dealing with some of, these, secondary or rOvSette embryos. 



1925] BUCHHOLZ: EMBRYOGENY OF CEPHALOTAXUS 


321 


The existence of these active rosette embryos associates 
Cephalotaxm with the group of conifers which have a modified 
form of cleavage polyembryony. It is from the behavior of these 
rosette cells that we obtain a definite clew to the polyembryonic 
history of Cephaloiaxus, Being uppermost in their position these 
are probably homologous with the rosette embryos of the pine if 
we disregard the free nuclei above the rosette cells in Abietineae. 
When cleavage polyembryony was suppressed in the lower 
portion of the embryo system, this did not do away with cleavage 
polyembryony in the rosette group. At least we are better 
able to make comparisons between the embryo of Cephaloiaxus 
and those of Abietineae, and other conifers, when we consider 
the nature of these secondary rosette embryos in the light of a 
polyembryonic origin. 

This also adds to our evidence for the view that cleavage 
polyembryony is a cordition through which the Coniferales 
have passed in their evolution, for certainly Cephaloiaxus supplies 
us with satisfactory ontogenetic evidence of this kind. A further 
discussion of this very fascinating problem of the origin and 
evolution of cleavage polyembryony will be treated by the 
writer in another paper."** It may be stated here that the origin 
of this condition represents an episode in the evolution of 
conifers, having to do with the beginnings of siphonogamy in 
the origin of seeds. 

Summary 

We have, in Cephaloiaxus, an embryo which is derived from 
a condition of cleavage polyembryony. Most, if not all, of the 
early cells of the proembryo are to be regarded as embryo 
initials. Of these, the terminal cells do not form embryos 
but go to form the cap instead. The next group of proembryonic 
cells above the cap combine to form a single embryo. The 
primary suspensor is formed from a tier of cells above these, 
and becomes very long, while the uppermost tier, the rosette 
cells, are the only ones which retain fully their separate embryo¬ 
forming capacity, usually giving rise to several rosette embryos. 
No certain evidence of cleavage of the primary embryo was 
observed. , 

’^ Concerning the origin of cleavage polyembryony in conifers; To appear 
in Botanical Gazette.' , 
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In the later embryo the stem tip is differentiated late, long 
after the dermatogen, periblem, pleronie, root cap, and coty¬ 
ledons have become fully organized,—in a stage later than any 
in the figures shown in this treatise. The dermatogen appears 
early and extends down over the root cap to the region of the 
suspensor. A cavity is formed in the later stages by a breaking 
down of cells in the middle of the plerome region. The embryos 
usually have two cotyledons. 

University of Arkansas, 

Fayetteville 
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Description of plate 10 

Fig. I. Two embryos from neighboring archegonia dissected out of 
gametophyte and mounted. Beginning below, they show the cap ceils, next 
a group of cells forming primary embryo, above these the elongating suspensor 
cells, and above the siispensors a group of cells forming the rosette embryo. 
In the embryo to the left is a mass of deeply staining substance found above 
the rosette in the archegonium (which was removed by the dissection in the 
embryo to the right). This probably corresponds to the basal plate of Abieti- 
neae. X 56. 

Fig. 2. Dissection of slightly younger stage than fig. I, showing rosette 
embryos slightly separated by dissection. Suspensor cells have their lower 
ends slightly enlarged and nearly all of the nuclei are found here. The primary 
embryo with its cap cells was lost in the dissection. X 56. 

Fig. 3. Embryo of the same age as fig. 2 with primary embryo in position 
but with the terminal member of the group of cap cells missing, probably 
lost in dissection. X 56. 

Fig. 4. Embryos of two adjoining archegonia with suspensors fully 
elongated. The rosette embryos are developing from the rosette above and 
are shown enlarged in fig. 6. Embryonal tubes have not begun to elongate 
to form the secondary portion of the suspensor. X 18. 

Fig. 5. More detailed view^ of primary embryos of fig. 4. The embryo 
to the left still possesses the terminal cap cell, while the larger one to the 
right has discarded its largest cap c^.^..,„X 56. 

Fig. 6. More detailed view of rosette embryos of fig. 4, showing the 
embryonal tubes forming a secondary suspensor. No primary suspensor is 
developed for the rosette embryos. X 5 b. 

Fig. 7. Older embryo with massive secondary suspensor well devel¬ 
oped and with older group of live rosette embryos above, in various stages. 
X 10.. ■ ' 

Fig. '8. Embryos :younger; than, fig..-' 7,., with''apparently Two-primary 
embryos formed side by side (?) and a single very irregular rosette embryo 
above. The rosette embryos shown in fig. 9 belong with these. X 29. 

Fig. 9. Part of the rosette embryo group dissected away from the embryo 
system of fig. 8, Note absence of cap and primary suspensor, the lobed and 
irregular character of the rosette embryos which have developed very un¬ 
equally. ■ X 5b." . ■ : ’ ■ 

Fig. 10. Section of embryo of with body regions organized 

and cotyledons developing. Stem tip is unorganized, plerome is distinguish¬ 
able from periblem, but periblem, root cap and suspensor merge into each 
other. Dermatogen appears to extend down over root cap. X 18. 




Studies on the flora of northern South America—VI*. 

H. A. Gleason 

New or noteworthy species of Melastomataceae 

Generic characters seem to be sharply marked in the majority 
of melastomataceous genera. The chief exceptions are found 
in the tribe Miconieae, where genera are distinguished largely 
on the position of the inflorescence and the shape of the petals. 
Here also are found many cases of remarkable similarity in habit 
between species of different genera, such as Leandra and Miconia, 
and it becomes extremely difficult or even impossible to place 
some immature or fruiting specimens into a genus with confidence. 
Within the genus Miconia, with well over six hundred species, 
the eleven sections are not always easily differentiated. They 
are characterized by the shape and dehiscence of the anthers, 
and there seems to be an almost continuous series of anther- 
shapes between the subulate, attenuate anthers of Tamonea 
and the linear ones of Eumiconia, and from the latter to the ob¬ 
long, small-pored anthers of Amhlyarrhena, and on to the obovate, 
large-pored anthers of Cremanium. Sections Jucunda^ Tamonea^ 
and Adenodesma are very close, as are also Cremanium and 
ChaenopleMra. I have found no good evidence to warrant any 
segregation of the genus. 

It is in most cases absolutely necessary to soften flowers by 
boiling and to make careful dissections in order to determine 
with any degree of accuracy the structure of the stamens. This 
has been done for all of the species described below, excepting 
a very few in which the stamens are not mentioned. All measure¬ 
ments of stamens, styles, seeds, and other small floral organs 
have been made with an eye-piece micrometer from boiled 
material, and have always been taken from the type specimen 
only. 

Within a single flower, deviations in measurements from the 
stated dimensions are negligible, and rarely amount to as much 
as 5 per cent. Greater variations are found between different 
flowers of the same plant, or between different plants of the same 

’^Contributions from the 'New York Botanical "Garden,; mo. :274,". 
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species. These are probably d.ue chiefly to age, but we do not 
know anything about the relative amount of elongation that 
takes place iii' the flower of a melastome during aiithesis. It 
follows, therefore, that the measurements here given, although 
accurate' in themselves, might not be repeated precisely in any 
other dissection. 

There are similar variations in size in the leaves of any 
•herbarium specimen. The measurements given here are taken, 
when expressed without any variation, from the largest leaf, or, 
when a range of size is indicated, from typical foliage leaves 
situated below the inflorescence. It is worthy of note that few 
sheets are examined in which the size of the leaves is as great 
as that given by Cogniaux, who seems to have allowed for an 
increase in size of those leaves farther down the stem and conse¬ 
quently not collected in a specimen of ordinary size. 

Pterogastra glabra n. sp. Herbaceous, apparently erect, 
sparingly branched above; stems green, slender, narrowly 4-alate, 
glabrous, or very rarely with a few minute appressed hairs on 
the wings, sparsely setose at the nodes; petioles glabrous, 2-3 
mm. long; leaf-blades firm, oblong-lanceolate, 30~-45 mm, long, 
5-9 mm. wide, acute, often minutely aristate, minutely crenulate 
and setose-ciliate with erect hairs nearly i mm. long, acute at 
base, bright green and glabrous on both sides, 3-nerved, the 
veinlets very obscure; flowers 5-merous, few, in loose, open, 
bracteate cymes terminating the stem and branches; peduncles 
narrowly 4-alate or merely quadrangular; bracts subulate, 2 
mm. long, ciliate; pedicels 2 mm. long, glabrous; hypanthium 
bright green, campanulate, fi-y mm. long, prominently 10- 
nerved, glabrous, or the 5 nerves opposite the sepals somewhat 
stronger and rarely appressed-spinulose; sepals green, herbaceous, 
triangular-lanceolate, 6 mm. long, 2 mm. wide at base, acute, 
aristate with a seta i mm. long, promineiitiy setose-cilia te, 
obscurely reticulate; petals apparently blue, broadly obovate, 
about 13 mm. long, finely ciliate; anthers linear-vsubulate, yellow, 
10 or 6 mm. long, arcuate retrorsely, opening by a minute 
terminal pore; connective slender, prolonged 2 or 0.5 min.; 
bearing 2 stout, blunt, rounded, anterior appendages 0.5--0.7 
mm. long; filaments slender, 6 or 5 mm. long; ovary ellipsoid, 
4 mm. long, with a terminal circle of slender, glandless setae 
0.7 mm. long; style terete, 3.5 mm. long. Fig. i. 

Type, Piitier '"^^Gllected in wet . savannas,. Mene^ 

Grande, State of Zuiia, Venezuela, 28 Oct. 1922, and deposited 
in the herbarium of'the New.York Botanical'Garden. ''It is 
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closely related to P. divaricata (BonpL) Naud., but differs in its 
glabrous leaf-surface, essentially glabrous stem, almost wingless, 
usually glabrous hypanthium, and shorter ovarial setae. 



Tibouchina gracilis (BonpL) Cogn. Several varieties of 
this widely distributed species have been distinguished, most 
of which seem to depend chiefly on eccentricities in habit alone. 
Our series of specimens from Colombia includes two forms 
which differ not only in habit, but also in the structure of the 
anther. In Rusby & Pennell lo^i, collected east of Neiva, Dept. 
Huila, even the lowest cymes are on peduncles less than i cm., 
long, the upper cymes are closely approximate, and the pubes¬ 
cence of the leaves and stem is unusually long. The connective 
of the anther is not prolonged, but bears two minute gibbosities 
on the posterior side and a bilobed anterior appendage. The 
end of the filament is directly under the base of the anther. 
In our other specimens, the lower cymes are borne on conspicuous 
peduncles, the upper cymes are well separated, and the pubes¬ 
cence is less conspicuous. The connective is prolonged basally 
for nearly i mm. at right angles, and bears the usual 2-lobed 
anterior appendage and also a 2-lobed posterior, deflexed ap¬ 
pendage about 0.2 mm. long. The end of the filament is quite 
out of line with' the.anthen- ■ ■ 
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TibottcMaa lepidota iatermedia' n.' var. Leaves ovate- 
elliptic^ 8“-io cm,, long, 4-4.5 cm. wide, strongly bullate-niuricate 
on the upper surface, beneath foveolate, densely paleaceous on 
the veins, pubescent on the surface. 

Type, Jameson 5 /, from the forests of the Andes, Ecuador, 
in the temperate montane zone, deposited in the herbarium 
of the New York Botanical Garden. It is intermediate between 
the well-known T. lepidota (Bonpl.) BailL and T. paleacea 
(Triana) Cogn., combining the calyx and leaf-shape of the 
fotmer with the leaf-surface of the latter. 

Ernestia lata n. sp. Herbaceous or suffrutescent, 5-7 dm. 
tall; stems erect, simple to the inflorescence, obscurely 4-angied, 
finely striate, reddish-brown, prominently glandular-villous, 
densely setose at the nodes; petioles slender, 5-10 mm. long, 
glandular-villous; leaf-blades firm, ovate-oblong, 35-50 mm. 
long, 16-28 mm. wide, acuminate, sharply and irregularly 
serrate with salient, villous and glandular teeth 0.5 mm. long, 
rounded or truncate at base, upper surface pilose with brown 
hairs about i mm. long, lower surface softly villous, especially 
on the veinlets, and pilose on the principal veins, 5-nerved, 
with an obscure outer additional pair, only the midvein impressed 
above, the veinlets reticulate beneath; upper leaves gradually 
reduced in size ; inflorescence a terminal, nearly leafless panicle 
1-2 dm. long, with slender, spreading branches, glandular- 
villous like the stem; bracts linear-subulate, 2-5 mm. long; 
pedicels mostly 2-5 mm. long; hypanthium broadly campanulate, 
2.7 mm. long by 2.5 mm. in diameter, obscurely 4-ribbed, glandu¬ 
lar-villous with spreading hairs i mm. long; calyx prolonged 
0.3 mm. beyond the staminal torus; sepals triangular-subulate, 
4.5 mm. long, acuminate to an aristate tip, entire, widened at 
the base and meeting in broadly rounded sinuses, the total 
width 2 mm., sparsely glandular-villous, 3-neiwed; petals 4, 
broadly round-ovate, 6 mm. long, 5 mm. wide, obtuse, truncate 
at base, glabrous, sparsely setose-ciliolate at the apex; long 
stamens 4, opposite the sepals: anthers lance-subulate, 2.7-5 
mm. long, 0.6 mm. wide at base, opening by an oblique introrse 
pore; connective slender, thickened below the anther and 
prolonged 2 mm.; anterior appendage reverse-triangular at base, 
1.1 mm, long and wide, flat, prolonged into 2 erect, flat, lance- 
subulate, straight or flexuous, sparsely serrulate spurs 2.5 mm. 
long, 0.4 mm. wide at base, separated by a truncate sinus; poste¬ 
rior appendage a minute conic apiculum o.i mm. long; filaments 
brown, flat, straight, 2.0 mm. long, 0.4 mm. wide; short stamens 
4, opposite the petals: anthers 2.7 mm. long; connective pro¬ 
longed I mm. at base; anterior appendage narrowly triangular 
at base, prolonged into 2 linear-subulate, flat, contiguous spurs 
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3.3 mm. long; posterior appendage conic, 0.2 mm. long; filaments 
1.6 mm. long; ovary ovoid-globose, sparsely setose on the upper 
half and densely glandular-setose at the summit; style filiform, 
5 mm. long; stigma minute, capitate. Fig. 2, B. 

Type collected by Weiss Schmidt, without number, on 
the upper Rio Negro, Brazil, 1907-1908, and deposited in the 
herbarium of the New York Botanical Garden. The measure¬ 
ments of the floral organs are taken from a flower not yet ex¬ 
panded, and the stamens may be considerably longer at an thesis. 
E. lata is a member of the section Euernestia, as shown by its 
setose ovary, and is most closely related to E, tenella DC., which 
was collected in the same general region by Bonpland and by 
Spruce. E. tenella is distinguished from our species by nar¬ 
rower, sparingly serrate leaves, glandular on both sides and on 
longer petioles, longer pedicels, glabrous petals cimeate to the 
base, longer connectives, and different appendages. 



Fig. 2 . A* Ernestia glandulosa Gleason. B. Ernestia lata Gleason, hy- 
pantMum; C stamens. D, E. Copedesma nitens Gleason, X 5* 


Ernestia glandulosa n. sp. Stem herbaceous, 6 dm. high, 
simple or nearly so, obscurely 4-angled, densely glandular-villous 
with purple-red hairs when young, becoming sparsely glandular 
in age, the internodes 3-7 cm. long; leaves of each pair similar; 
petioles slender, 15-25 mm. long, glandular-villous like the stem; 
leaf-blades thin and membranous, ovate-oblong, 50-85 mm. 
long, ■ 20-35 ' ' Wide,' 'long-acuminate,finely .' and', sharply 

denticulate (teeth ascending, triangular, 0.2-0.6 mm. long, 
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about 15 per cm. of margin), rounded or subcordate at base, 
glandular-villous near the margin, upper surface dark green, 
villous with ascending hairs about i mm. long, lower surface 
dull green, pubescent with hairs about 0.5 mm. long and purple- 
villous along the veins, 7-nerved, the veinlets obscure, crooked; 
racemes 1-3-flow'ered, axillary, 1-2 cm. long; rhachis and pedicels 
giandular-villous, bracts subulate, i mm. long, setose-tipped; 
pedicels 3 mm. long, or 8 mm. long in fruit; flowers 4-merous; 
hypantliium ellipsoid, 3 mm. long, obscurely 8-ribbed, green, 
glandular-villous; sepals subulate, 2 mm. long, erect, persistent, 
ciliate and sparsely glandular-villous; petals apparently white, 
about 8 mm. long, glabrous; stamens similar in size but dimor¬ 
phic; anthers linear-subulate, 2.8 mm. long, 0.5 wide at base, 
somewhat recurved at the apex, opening by a minute terminal 
pore; connective prolonged below the anther toward the anterior 
side for 0.5-0.7 mm. and terminated by 2 erect, filiform append¬ 
ages o.8-0.9 Him. long and nearly parallel to the anther; in 4 
stamens the filament is articulated at the anterior end of the 
connective below a short, conic, descending, posterior appendage 
0.2-0.3 mm. long; in the other 4 stamens the filament is artic¬ 
ulated at the center of the connective, posterior spur none; 
filaments almost transparent, slender, flat, 3.8 mm. long, 0.2 
mm. wide; ovary globose, free, trilocular, glabrous; style slender, 
5 mm. long, straight, terete; stigma punctiform; fruiting hypan- 
thium 4 mm. long; fruit capsular; seeds brown, 0.5 mm. long, 
obliquely ellipsoid from a truncate base, minutely tiiberculate. 
Fig. 2, A. 

Type, Hitchcock 17^372, collected along a stream in the forest, 
Tumatumari, British Guiana, 3-5 Jan. 1920, and deposited in the 
herbarium of the New York Botanical Garden. 

The section Pseudoernestia oi the genus Ernesiia was differ¬ 
entiated by Cogniaux because of its 5-merous flowers and gla¬ 
brous, 3-locular ovary, in contrast to the 4-merou$ flo'wers and 
setose, 4-Iocular ovary of the section Euernestia. Krasser, in 
the Natiirlichen Pflanzenfamilien, raised Pseudoernestia to 
generic rank, chiefly, apparently, because of its glabrous ovary. 
E. cotdifolia O. Berg., the only species of the section, is known, 
so far as I can discover, only by a single collection of Spruce on 
the Orinoco River. Our species differs from it in its small 
axillary racemes, narrower leaves, and 5-merous flowers. Since 
it combines the ovary of Pseudoernestia with the 5-merGUs 
flowers of Euernestia, it seems highly doubtful whether Krasser's 
separation is justifiable, and I have described it under the broader 
: 'Ernestia.:: 
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Copedesma, n. gen. 

Flowers 5-merous; hypanthium obconic; sepals broadly 
triangiilarj short, the exterior teeth none; petals obovate-oblong, 
rounded at the apex, glabrous; stamens dimorphic, uniform in 
size; anthers narrowly linear, opening by a minute terminal 
pore; filaments elongate, filiform, glabrous; connective much 
prolonged below the base of the anther-sacs, in some stamens 
widened posteriorly beyond the attachment of the filament into 
a flattened, truncate appendage, not appendaged anteriorly, 
in the others expanded anteriorly at the insertion of the fila¬ 
ment into two broad, blunt, triangular, laterally spreading 
appendages, continuous around the apex of the filament into 
the broad, truncate, posterior appendage; ovaiy glabrous, radially 
ribbed; style filiform, elongate, glabrous; stigma capitate. 
Woody plants with dark green, glossy foliage, furfuraceous 
stems, and terminal, slender, stellate-tomentose panicles. 

Copedesma nitens n. sp. Stems 12 dm. high, branched 
above, the branches terete or nearly so, closely furfuraceous- 
tomentulose, glabrescent with age; petioles slender, iO“-i8 mm. 
long, pubescent like the stems; leaf-blades membranous, oblong- 
elliptic, 9-14 cm. long, 3-5.5 cm. wide, long-acuminate to a 
blunt tip, entire, gradually narrowed from the middle to an 
obtuse or rounded base, dark-green, shining, and glabrous 
above, dull green beneath, densely tomentulose on the midvein, 
thinly furfuraceous on the lateral veins and veinlets, and very 
sparsely and minutely stellate on the surface, 5-nei'ved, the 
outer pair relatively obscure; veinlets about 5 mm. apart, all 
distinctly impressed above, elevated beneath; panicles slender, 
7 cm. long, the branches remote, 5-10 mm. long; bracts linear- 
spatulate, stellate-tomentose, equaling the hypanthium; flowers 
sessile; hypanthium 3.2 mm. long, 3 mm. in diameter, densely 
and closely stellate-tomentose; sepals broadly triangular, 0.6 
mm. long, strongly thickened in the center; petals obovate- 
oblong, white, 2.8 mm. long, 1.7 mm. wide; anther-sacs 2.1-2.4 
mm. long; connective prolonged about 1 mm. below the sacs, 
stout and thick, gradually widened posteriorly to a truncate 
appendage 1.5 mm. wide, in some ^tjamens bearing also two 
anterior, broadly conic, laterally spreading appendages, together 
1 mm. wide; filaments very slender, glabrous, 4.7 mm. long; 
style 7.5 mm. long; stigma 0.5 mm. in diameter. Fig. 2, D, E. 

Type, La Cws J2J5, collected at Tabla, Pomeroon District r 
British Guiana, 28 Sept. 1921, and deposited in the herbarium 
of the New York Botanical Garden. Other specimens of the 
same collection are in the Gray Herbarium, the National 
Herbarium, and the Philadelphia Academy of Sciences. 
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This remarkable plant, which unfortunately presents but 
few open flowers and no fruits, bears a strong superficial re¬ 
semblance to Miconia, but the character of the stamens indicates 
at once that it is far removed from that genus, and probably in 
the general affinity of Ernestia, of the tribe Tibouchineae. Un¬ 
like most genera of that tribe, the anther-sacs, connective, and 
filament tie in the same line, the connective is unusually stout, 
in diameter equaling the anther-sacs and considerably exceeding 
the filament, and the stout appendages are not prolonged into 
a filiform spur. The general arrangement of these parts is shown 
far better by the accompanying figures than by description. 
In the absence of fruit and seeds, its tribal position must remain 
open to question, but a comparison with the numerous figures 
of other genera in Triana’s monograph or in the Flora Brasiliensis 
will show its fundamental similarity to the Tibouchineae in 
anther-structure. The anthers are fragile and easily detached 
from the filaments: in each of the two flowers dissected most of 
the anthers were missing. It is probable that there are five of 
each kind, but that could not be confirmed, since the filaments 
are uniform and it can only be said that both kinds exist in 
each flower. The generic name is from two Greek roots signi¬ 
fying sword-hilt and connective. 

Acisanthera glomerata n. sp. Herbaceous or suffruticose, 
probably decumbent at base; stems freely branched, sharply 
quadrangular or narrowly aiate, glandular-villous with hairs 
about 0.5 mm. long; leaves sessile, obovate-spatulate, 7-20 rauL 
long, 3H3 mm. wide, obtuse, entire or rarely obscurely serrulate, 
cuneate from above the middle to the base, minutely Iiirtellous 
on both sides, giandular-ciliate, obscurely 3-nerved; cymes 
numerous, terminating the stem and branches, on peduncles 
8-15 mm. long; bracts and bractlets sessile, broadly obovate, 
4-™'8 mm. long, obtuse, prominently serrulate toward the apex, 

" pubescent like the leaves; pedicels i mm. long or less; flowers, 
4-merous; hypanthium short-cylindric, 2.8 mm. long, conspicu¬ 
ously 8-nerved, glandular-villous; sepals erect, persistent, 
membranous, triangular, 3.7 mm, long, 2.5 mm. wide at the 
base, sharply acute and tipped with a glandular seta, sparsely 
glandular-villous, prominently 3-nerved and reticulately veined; 
large stamens 4: anthers oblong, straight, 1.5 mm, long, ter¬ 
minated by a straight, slender, terete rostrum 0.8 mm. long, 
opening by an introrse terminal pore; connective slender, pro¬ 
longed I mm. at base, sharply introrse for 0.5 mm., and ending 
in 2 anterior, erect, filiform appendages i mm. long, the posterior 
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side entire or minutely gibbous; filaments flattenedj filiform, 
2.8 mm. long; small stamens 4: anthers oblong, i.i mm. long, 
terminated by a slender rostrum 0.4 mm. long, the connective 
prolonged at base 0.4 mm., straight, not appendaged, the 
filaments slender, 2.8 mm. long; ovary broadly ellipsoid, glabrous, 
minutely 4-lobed at the summit, 4-locular; style filiform, 4 mm. 
long, the minute stigma capitate; fruiting hypanthium 3 mm. 
long; capsule 2-valved, 4-locular, glabrous; seeds brown, 0.5 
mm. long, cochleate. Fig. 3, A. 

Type, Samuels 424, collected in the Forest of Zandery, near 
Parimaribo, Surinam, 3 July 1916, and deposited in the herba¬ 
rium of the New York Botanical Garden. Although it has the 
quadrilocular ovary of Cogniaux’s section Dichaetandra, it 
seems to be more closely related in structure and habit to A. 
Eoisseriana Cogn. and A. hedyotidea (Presl.) Triana, which 
have a bilocular ovary, shorter styles, ovate leaves, and shorter 
sepals separated by conspicuous setae in the sinuses. 

Monochaetum rotundifolium Cogniaux, n. sp. Stem shrubby, 
about I m. high, freely branched above, prominently 4-angled, 
densely pubescent or subtomentose with straight, brown, 
plumose hairs 0.3-0.5 mm. long; petioles stout, spreading, 
pubescent like the stem; leaf-blades firm, broadly ovate to sub- 
rotund, entire, prominently ciliate, subacute, rounded or some¬ 
what emarginate at base, 7-9-pli-nerved, the outer pair of veins 
always obscure, upper surface dull green, densely strigose with 
stout, somewhat plumose hairs papillose at base, lower surface 
densely and softly pubescent with brown plumose hairs along 
the veins and gray hairs on the surface; flowers 4-merous, in 
terminal cymules of 3-7, the peduncles 5-10 mm. long, pubescent 
like the stem, the pedicels 3-6 mm. long, purple, the pubescence 
more appressed, decreasing distally, and somewhat glandular; 
hypanthium purple, ellipsoid-campanulate, 5 mm. long, sparsely 
appressed-strigose and glandular, pilose at the summit, especially 
at the sepalar sinuses; sepals ovate-triangular, 3.5 mm. long, 
acuminate, sparsely setulose, minutely ciliate; petals broadly 
elliptic, apparently about 10 mm. long, ciliolate; large Anthers 
lance-subulate, 7 mm. long, conspicuously recurved above the 
middle, opening by a single terminal dorsal pore, on filaraents 
6 mm, long, the posterior appendage 2.2 mm. long, eixpanded 
abovfe into a broadly lanceolate, somewhat dilated tip; small 
anthers linear-subulate, 4.5 mm. long, nearly straight, on fila¬ 
ments 7 mm. long, the appendage flat, elliptic-lanceolate, 2 
mm. long; ovary nearly free, obscurely 4-angled, pubescent 
above, minutely 4-Iobed and setose at the summit;,style slender, 
9 mm. long, decurved near the apex; stigma punctiform. Fig. 
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This remarkable plant, which unfortunate!}^ presents but 
few open flowers and no fruits, bears a strong superficial re¬ 
semblance to Miconia, but the character of the stamens indicates 
at once that it is far removed from that genus, and probably in 
the general affinity of Ernestia^ of the tribe Tibouchineae. Un¬ 
like most genera of that tribe, the anther-sacs, connective, and 
filament lie in the same line, the connective is unusually stout, 
in diameter equaling the anther-sacs and considerably exceeding 
the filament, and the stout appendages are not prolonged into 
a filiform spur. The general arrangement of these parts is shown 
far better by the accompanying figures than by description. 
In the absence of fruit and seeds, its tribal position must remain 
open to question, but a comparison with the numerous figures 
of other genera in Triana’s monograph or in the Flora Brasiliensis 
will show its fundamental similarity to the Tibouchineae in 
anther-structure. The anthers are fragile and easily detached 
from the filaments: in each of the two flowers dissected most of 
the anthers were missing. It is probable that there are five of 
each kind, but that could not be confirmed, since the filaments 
are uniform and it can only be said that both kinds exist in 
each flower. The generic name is from two Greek roots signi¬ 
fying and 

Acisanthera glomerata n. sp.U Herbaceous or suffruticose, 
probably decumbent at base; stems freely branched, sharply 
quadrangular or narrowly alate, glandular-villous with hairs 
about 0.5 mm. long; leaves sessile, obovate-spatulate, 7-20 mm. 
long, 3-6 mm. wide, obtuse, entire or rarely obscurely serrulate, 
cuneate from above the middle to the base, minutely hirtellous 
on both sides, glanclular-ciliate, obscurely 3-nerved; cymes 
numerous, terminating the stem and branches, on peduncles 
8“*I5 mm. long; bracts and bractlets sessile, broadly obovate, 
4"”8 mm. long, obtuse, prominentl}^ serrulate toward the apex, 
pubescent like the leaves; pedicels i mm. long or less; flowers 
4-merous; hypanthium short-cylindric, 2.8 mm. long, conspicu¬ 
ously 8-nerved, glandular-villous; sepals erect, persistent, 
membranous, triangular, 3.7 mm, long, 2.5 mm. wide at the 
base, sharply acute and tipped with a glandular seta, sparsely 
glandular-villous, prominently 3-nerved and reticiilately veined; 
large stamens 4: anthers oblong, straight, 1.5 mm. long, ter¬ 
minated by a straight, slender, terete rostrum 0.8 mm. long, 
opening by an introrse terminal pore; connective slender, pro¬ 
longed I mm. at base, sharply introrse for 0.5 mm., and ending 
in 2 anterior, erect, filiform,appendages ! mm. long,the posterior 
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side entire or minutely gibbous; filaments flattened^ filiformy 
2.8 mm. long; small stamens 4: anthers oblong, i.i mm. long, 
terminated by a slender rostrum 0.4 mm. long, the connective 
prolonged at base 0.4 jnm., straight , not appendaged, the 
filaments slender, 2.8 mm, long; ovary broadly ellipsoid, glabrous, 
minutely 4-lobed at the summit, 4"locular; style filiform, 4 mm. 
long, the minute stigma capitate; fruiting hypanthium 3 mm. 
long; capsule 2-valved, 4-locular, glabrous; seeds brown, 0.5 
mm. long, cochleate. Fig. 3, A. 

Type, Samuels 424, collected in the Forest of Zandery, near 
Parimaribo, Surinam, 3 July 1916, and deposited in the herba¬ 
rium of the New York Botanical Garden. Although it has the 
quadrilocular ovary of Cogniaux’s section Dichaetandra, it 
seems to be more closely related in structure and habit to A. 
Eoisseriana Cogn. and A. hedyotidea (Presl.) Triana, which 
have a bilocular ovary, shorter styles, ovate leaves, and shorter 
sepals separated by conspicuous setae in the sinuses. 

Monochaetum rotundifolium Cogniaux, n. sp. Stem shrubby, 
about I m. high, freely branched above, prominently 4-angled, 
densely pubescent or subtomentose with straight, brown, 
plumose hairs 0.3-0,5 mm. long; petioles stout, spreading, 
pubescent like the stem; leaf-blades firm, broadly ovate to sub¬ 
rotund, entire, prominently ciliate, subacute, rounded or some¬ 
what emarginate at base, 7-9-pli-nerved, the outer pair of veins 
always obscure, upper surface dull green, densely strigose with 
stout, somewhat plumose hairs papillose at base, lower surface 
densely and softly pubescent with brown plumose hairs along 
the veins and gray hairs on the surface; flowers 4-merous, in 
terminal cymules of 3-7, the peduncles 5-10 mm. long, pubescent 
like the stem, the pedicels 3-6 mm. long, purple, the pubescence 
more appressed, clecreasing distally, and somewhat glandular; 
hypanthium purple, ellipsoid-campanulate, 5 mm, long, sparsely 
appressed-strigose and glandular, pilose at the summit, especially 
at the sepalar sinuses; sepals ovate-triangular, 3.5 mm. long, 
acuminate, sparsely setulose, minutely ciliate; petals broadly 
elliptic, apparently about 10 mm, long, ciliolate; large a,nthers 
lance-subulate, 7 mm. long, conspicuously recurved above the 
middle, opening by a single terminal dorsal pore, on filaments 
6 mm. long, the posterior appendage 2.2 mm. long, expanded 
above into a broadly lanceolate, somewhat dilated tip; small 
anthers linear-subulate, 4.5 mm. long, nearly straight, on fila¬ 
ments 7 mm. long, the appendage fiat, elliptic-lanGeolate, 2 
mm. long; ovary nearly free, obscurely 4-angled, pubescent 
above, minutely 4-lobed and setose at the summit ;,style slender, 
9 mm. long, decurved near the apex; stigma punctiform. Fig. 
fivP- A,, 
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Type, Smith 1851, collected on San Lorenzo Ridge, Santa 
Marta, Colombia, alt. 6000-7000 ft., 27 Feb. 1899, and deposited 
ill the herbarium of the New Yoi'k Botanical Garden. The 
sheet exhibits two specimens, differing only in the size of the 
leaves, and is accompanied by the collector’s note: shrub 

3--4 ft. Common on open ridges, 6000-7500 ft. Below 6500 ft. 
the leaves are larger, but the plants do not otherwise differ. 
Flowers observed Jan.-March. Petals rosy. The specimens are 
from the San Lorenzo Ridge, Feb. 27; the smali-Ieaved one 
collected at about 7000 ft., the other at about 6000 ft. ” On the 
large-leaved plant, the length of the petiole is fairly uniform at 
7-9 mm.; the size of the blade varies from 30 by 24 mm. for 
the largest to 10 by 8 mm. for those subtending the cymules. 
On the small-leaved specimen, which is to be considered the 
type, should differentiation be necessary, the petioles rarely 
exceed 5 mm. and the blades vary from 15 by ii mm. down to 
7 by 5 mm. 



Fig. 3. A. Acisanthera glomerata Gleason, X 2.5. B. Monochaetumvil- 
losum Gleason, X 2; ovary and style, X 2. C. Monochaetum coronatinn, 
Gleason, hypanthium and stamens, X 2.5. D. Monochaetum rotiindifoliiim 
;Cogn., X2."' ■ 
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Cogniaiix, who examined the plant, noted that it represented 
an undescribed species, suggested the name here used, and indi¬ 
cated its close affinity to M. stellulatum Naud. Our species 
differs in its smaller and proportionately broader leaves, in its 
much larger anthers with proportionately smaller appendages, 
its longer sepals, and its colored flowers. 

Monochaetum villosum n. sp. Stem shrubby, freely branched 
above, minutely 4-angied, villous with spreading or somewhat 
deflexed, slender, purple hairs 1.5-2 mm. long, the nodes densely 
villous; petioles slender, about 5 mm. long, villous like the stem, 
leaf-blades Arm, ovate, entire, subacuminate to an acute apex, 
rounded or subcordate at base, 5-pli-nerved, the veins obscure 
above, somewhat conspicuous beneath, the veinlets obscure, 
upper surface softly villous with spreading, slender, pale hairs, 
slightly enlarged toward their base, about 2 mm. long, set about 
0.3 mm. apart, lower surface more sparsely villous with similar* 
but shorter hairs; flowers 4-merous, in cymules of 3, or rarely 
single, terminating the upper branchlets, on pedicels 2-4 mm. 
long; hypanthium purplish-green, narrowly campanulate or 
obconic, 5 mm. long, tapering to the base, faintly 8-ribbed, 
sparsely villous with straight, slender, spreading purple hairs, 
about I mm. long, set 0.3~'O.5 mm. apart, and frequently glandu¬ 
lar; sepals membranous, ovate-triangular, 1.8 mm. long and 
wicie, barely acute, sparsely setose on the back like the hypan¬ 
thium, strongly ciliate with curved hairs 0.8 mm. long; petals 
white, obovate, 8 mm, long, minutely ciliate; stamens dimor¬ 
phic; anthers linear-subulate, opening by a single dorsal terminal 
pore, connective not prolonged anteriorly, prominently append- 
aged on the posterior side; larger anthers strongly curved, 6.5 
mm. long, the appendages 4 mm. long, with 2 longitudinal 
ridges at the base and 3 at the somewhat expanded apex, the 
filaments 5,7 mm. long, flat, 0.7 mm. wide at base, tapering 
slightly to the summit; smaller anthers nearly straight, 4.3 mm. 
long, the appendages strongly flattened, spatulate, 2.7 mm. long, 
0.6 mm. wide, the filaments 7.3 mm. long, flattened below, terete 
above; ovary free, 4-lobed, 4-locular, glabrous below, the sum¬ 
mit minutely 4-lobed, each lobe tipped with 2 or 3 glandular 
setae 0.7-1 mm. long; style glabrous, subulate, declined, 6.5 
mm. long; stigma punctiform. Fig, 3, B. 

Type, Rusby & Pennell 804, collected in forest at “ Balsillas, '' 
on the Rio Balsillas, Dept. Huila, Colombia, alt. 2100-2200 m., 
3-5 Aug. 1917, and deposited in the herbarium of the New York 
Botanical Garden. The largest leaves are 18-22 mm. long by 
11-14. mm. wide;' the upper'leaves.'are Teduced'''and,those,sub-' 
^'tending the'.cymules are barely S 'mm. .long..' The:' species ,is'a' 
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nieniber of the section Etimonochaetim, with persistent sepals, 
and is most closely related to the Peruvian M. dicranantherum 
(R. & P.) Naiid« 

Monochaetum coronatum n. sp. Stem shrubby, freely 
branched above, obscurely 4-ang'led, finely and persistently 
glandular-pubescent with spreading hairs mostly 0.2-04 mm. 
long, densely hirsute at the nodes; petioles stout, 3-5 (rarely 
10) mm. long, densely glandular-hirsute; leaf-blades thin, broadly 
ovate, entire, glandular-ciliate, broadly acute, rounded at the 
base, 5-7-pli-nerv^ed, upper surface conspicuously but sparsely 
setose with appressed or ascending, yellowish, non-giandular 
hairs 0.6-1 mm. long, lower surface softly pubescent with spread¬ 
ing, slender, white hairs; flowers 4-meroiis, in terminal cymules 
of 3-5, on densely glandular pedicels 3-7 mm. long; hypanthium 
purplish, campaniilate, 5 mm. long by 3.7 mm. in diameter, 
obscurely 4-angled, glabrous on the sides, setose at the summit 
with sparse, erect or ascending, glandular hairs nearly or quite 
I mm. long; sepals triangular, 2.8-3 long, 2.5 mm. wide, 
acute, sparsely glandular-setose on the back, conspicuously 
glandular-ciliate, glabrous within; petals white, broadly elliptic, 
I cm. long, obtuse, glabrous, veiy sparsely glandular-ciliate at 
the apex; filaments of the Urge stamens flat, nearly 6 mm. long, 
of the small stamens similar, 8 mm. long; anthers of the large 
stamens lance-subulate, 6.3 mm. long, strongly recurved, with 
a single terminal dorsal pore, the basal posterior appendage 5 
mm. long, its basal half stout, 2-ribbed on the dorsal side, the 
distal half more or less inflated, ovate-lanceolate, blunt, strongly 
bent or recurved near the apex; anthers of the small stamens 
Hnear-subulate, nearly sti“aight, 4,8 mm. long, the appendage 
flat, 3.3 mm. long, the distal two-thirds expanded into an 
elliptic obtuse tip 0.8 mm. wide; ovary nearly free, obscurely 
4-Iobed, minutely 4-lobed at the summit, glabrous; style slender, 
7 mm. long, glabrous, decurved near the apex; stigma puncti- 
form, ■■ Fig. 3, G., 

Type, Pennell 244g, collected in a clearing, 2-4 miles south of 
Sibate, Dept. Cundimarca, Colombia, alt. 2800-2900 m., 13-15 
Oct. 1917, and deposited in the herbarium of the New York 
Botanical Garden. The largest leaves measure 35 by 21 mm., 
the Upper are gradually reduced in size, and those subtending 
the cymules are only 10-15 long. M. coronatum is most 
closely related to M. Jahnni Pittier, a Venezuelan species which 
also has a glabrous hypanthium surmounted by glandular sepals. 
Our species differs in its denser glandular pubescence, glandular- 
ciliate leaves, glandular pedicels, longer, acute sepals, larger, 
white petals, and much larger anthers. 
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Rhynchanthera micropliyiia n. sp. Stem shrubby, promi¬ 
nently 4-angled and swollen at the nodes, freely branching 
above, thihly pubescent above with spreading noii-glandiilar 
hairs o.i-'0.2 jnm. long, becoming glabrate with age, the inter¬ 
nodes 1-2 cm. long; petioles flattened, 2-6 mm, long, pubescent 
like the stem; leaf-blades firm, oblong-ovate, 9-20 mm. long, 
5-11 mm, wide, minutely setulose-serrulate, acute, broadly obtuse 
to subrotund at base, 5-nerved, upper surface thinly strigose 
with yellow hairs 0.2-0.3 mm. long, the lower thinly pubescent 
with spreading hairs of the same size; flowers 5-merous, in ter¬ 
minal cymules of I--3, the villous pedicels i mm. long; hypan- 
thium 6 mm. long, cylindric below, expanded toward the sum¬ 
mit, pubescent like the stem; sepals linear-subulate, spreading 
at anthesis, 10 mm. long, thinly pubescent; petals bright magenta, 
2 cm. long; fertile stamens 5, equal, the anthers lance-subulate, 
prolonged into a flattened, slightly curved beak with a single 
apical pore, the connective prolonged at base and minutely 
bituberculate on the anterior side; sterile stamens reduced to 
linear-filiform sterile filaments; ovary free, glabrous; style nearly 
straight, the stigma minutely capitate. 

Type, Hitchcock id,p<?5, collected on the East Coast Water 
Conser\mncy, southeast of Georgetown, British Guiana, about 
sea-level, 27 Nov. 1919, and deposited in the herbarium of the 
New York Botanical Garden. The necessary dissections from 
which the description was drawn were made from a bud, in 
which the anthers were 5 mm. long, including the beak of i,i 
mm. Obviously a member of the section Isosiemones, our species 
appears most closely related to the last three species of Cogniaux’s 
monograph, and differs from R. Glasiaviana Cogn. and i?. ser- 
rulata (Rich,) DG. in its broader leaves, and from i?. parviflora 
Cogn. in its smaller leaves and much larger flowers. 

Siphanthera alsinoides n. sp. Annual, cm. high; 

stems herbaceous, sharply 4-angled or narrowly 4-winged, slen¬ 
der, sparsely hispidulous and glandular-villous, the internodes 
18-40 mm. long; petioles flattened, 1-3 nim, long, pubescent 
like the stem; leaf-blades thin, broadly ovate, 5-9 mm. long, 
5-7 mm. wide, obtuse or subacute, crenate-serrulate, especially 
di'stally, i-ounded or subcordate at base, sparsely hispid above 
with stout, subulate, somewhat paleaceous hairs 0.6-1 mm. long, 
beneath pale green, glabrous on the surface, minutely and 
sparsely villous on the veins, obscurely 3-nerved; inflorescence 
a terminal, sympodial, bracted cyme, each axis ending in a 
flower subtended by 2 bracts, from the axils of which secondary 
axes arise, 2-4 cm. long; bracts ovate, sessile, acute, 2-3 m 
long; pedicels sharply 4-angied, 0.7 mm. long; flowers 4-merous; 
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liypanthium oblong-campanulate, 1.8 mm. loiigj i.i mni. in, 
diameter^ pale brown, almost scarioiis, obscurely 8-nerved, 
sparsely glandular-villous with hairs 0.4 min. long; seiiials 
scarious, triangular, 1.5 mm. long by half as'wide at the base, 
sharply acute, reticulate-veined, glabrate; petals rose-pink, 
apparently fugacious, 3 mm. long, obovate, narrowed to the 
base, glabrous; stamens 8, dimorphic; fertile stamens: anthers 
broadly oblong, 0.7 mm. long, 0.5 mm. wide, deep violet, rounded 
at both ends, glabrous, the rostrum pale violet, terete, 0.2 mm. 
long and in diameter, obliquely truncate with an introrse pore; 
connective slender, violet, the basal prolongation 0,3 mm. long, 
yellow, expanded at the apex into 2 anterior, semicircular 
appendages, 0.2 mm. long and a little wider; filaments violet- 
brown, very slender, 1.8-2 mm. long; sterile stamens: anthers 
yellow, linear-fusiform, 0.3 mm. long; connective not prolonged; 
filaments 1.6 mm. long; ovary free, ellipsoid, i mm. long, gla¬ 
brous, 2-locular; style straight, 3.7 mm. long, o.i mm. in diameter, 
minutely fusiform-dilated near the apex; stigma spherical, 0.2 
mm. in diameter; fruiting hypanthium 3 mm. long, prominently 
nerved; capsule oblong-cylindric, 2.5 mm. long, depressed at 
the apex, glabrous, loculicidal; seeds ellipsoid, 0.5 mm. long. 
Fig. 4, A. 



Fig. 4. A. Siphanthera alsinoides Gleason, with foliage leaf, X 7*5- B. 
Poteranthera minor Gleason, flower, leaf, and anterior face of anther, X 7*5. 
C. Centronia mutabilis Gleason, pistil and detached stamen, X ^2* 
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Type, Pennell 1467^ collected in a moist depression in the 
llano east of Villavicencio, Intendencia Meta, Colombia, alt. 
450 m., 26-31 Aug. 1917, and deposited on the herbarium 
of the New York Botanical Garden. The color of the anthers 
is taken from the dried specimen: the collector noted them as 
pink-purple, white at the base. 

Since Cogniaux’ treatment of SiphantJiera in his monograph 
over twenty years ago, no additional species has been described, 
nor have any been reported from as far west as Colombia. Our 
plant presents precisely the staminal structure of the genus as 
hitherto known, but differs from the other species in its cymose 
inflorescence. 

Poteranthera minor n. sp. Herbaceous annual, 5-10 cm. 
tall, simple or sparibgly branched* stems sharply 4-angled, 
glabrate below, sparsely hispidulous and glandular-villous above, 
increasing toward the apex, the upper internodes 1-2 cm. long; 
leaves sessile, crowded at the base of the stem, linear, 6-10 mm, 
long, 1-1.5 mm. wide, the upper smaller and bractlike, acute, 
rarely spinulose^oiliate, glabrous on both sides, obscurely i- 
nerved; flowers solitary in the upper axils and appesaring cymose 
from the shortening of the terminal internodes, 4-merous; bracts 
resembling the leaves, 3-5 mm, long, somewhat glandular- 
villous; pedicels 2-3.5 long, densely glandular-villous; 

hypanthiiim campanulate, 1.6 mm, long, i.i mm. in diameter, 
sparsely glandular-villous with violet hairs 0.6-0.8 mm. long, 
8-nerved; sepals membranous, triangular, 2.5 mm. long, i mm. 
wide at base, acuminate to a subulate tip, very sparsely glandular- 
villous, obscurely nerved; petals deciduous, pink-purple; fertile 
stamens 4, alternate with the petals: anthers oblong, thick, 
0.6 mm. long by 0.3 mm. wide and thick, the anther-sacs separate 
below, connivent above, very slender, violet-colored, opening 
each by a terminal pore as wide as the sac; connective thick, 
gradually widened to the base of the anther, prolonged into 
a subglobose base 0,4 mm, in diameter and minutely 2-tuber- 
culate anteriorly; filaments straight, filiform, 1.7 mm. long; 
sterile stamens 4, opposite the petals, the anthers narrowly 
ovoid, 0.5 mm. long, acuminate, minutely i-pored, the con¬ 
nective not prolonged, the filaments incurved, filiform, 1.3 
mm. long; ovary glabrous, 2-locular, subglobose; style straight, 
3 mm. long, filiform, somewhat fusiform-thickened below the 
summit; stigma capitate, 0.2 mm. in diameter; fruiting hypan- 
thium somewhat expanded, the sepals persistent; capsule 2.5 
mm. long, locuiicidal. Fig. 4, ^ 

Type^ Pennell 142J, collected in a moist depression in prairie, 
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Viliavicencio, Iiitendeiicia Meta, Colombia, alt. 450 ni., 26''^3i 
Aug. 1917, and deposited in, the herbarium of the New York 
Botanical Garden. It is a member of the section Tulasnea, 
characterized by 4-inierous flowers and clavate style, and dilTers 
from the two species hitherto known in various structural 
features and dimensions, but particularly in its strongly thickened 
anthers. 

Centronia mutabilis n. sp. Arborescent; branches, petioles, 
lower leaf-surface, peduncles, pedicels, and calyx prominently 
fulvous-furfiiraceous; stems obscurely 4-angled, the inteniodes 
1-2 cm. long; petioles stout, straight, 15-20 mm. long; leaf- 
blades firm or coriaceous, ovate or ovate-oblong, S~<) cm. long, 
4-5 cm. wide, obtuse or abruptly acute, sharply obcrenulate 
(about 5 teeth per cm. of margin, 0.5-'! mm. high), obtuse to 
truncate or barely cordulate at base, minutely furfuraceous 
above 'when young, dark green and gialirous at maturity, 7-pli- 
nerved, the outer pair obscure and marginal, the transverse 
veins prominent beneath, about 2 mm, apart, the veinlets 
minutely reticulate under the lens; leaves of the floriferous 
branches smaller, 4-6 cm. long, 5-pli-nerved; panicles ascending 
or erect, 8-10 cm. long, about lo-flowered; pedicels stout, 5-9 
mm. long; flower-buds 2 cm. long, obovoid, abruptly beaked, 
the calyx-limb irregularly deciduous about 8 mm. from the base; 
flowers 6-merous; petals red, changing to blue, obovate-oblong, 
25 mm, long, 20 mm. wide, obtuse, minutely carinate at the 
apex; filaments strongly flattened tangentially, erect, 10 mm. 
long; anthers subulate, 9 mm. long; the connective prolonged 
at base into an acute, conical spur 5.5 mm. long, with a much 
smaller dorsal appendage extending forward ; ovary 6 mm. long, 
the distal half dissected into flat, lance-oblong, setulose lobes 
with free acuminate tips 1.5 mm. long; style subulate, 12 mm. 
long. 'Fig. 4, C. 

Type, Pennell g^SSr collected at ‘‘Alaska,” above Salento, 
Dept. Caldas, Colombia, 7 Aug. 1922, alt. 3100-3400 m., and 
deposited in the herbarium of the New York Botanical Garden, 
Another collection is Hazen g68g, collected at “ Cucarronera, ” 
New Quindio Trail, Dept. Caldas, 8 Aug. 1922. In superficial 
appearance and in the structure of the anther-appendage, the 
species closely resembles Centronia haemantha (Planch. & Lind.) 
Triana, as illustrated in Flore des Serres, plate 924, and in Trans. 
Linn. Soc. 28 : pl* 5 , fig^ 59 ^- the structure of the ovary is 
distinctly that of a different section of the genus, Centroniotypus, 
Here it finds its nearest relative in Centronia Mutisii (BonpL) 
Triana, also from the Quindio region, which differs in its hispid 
pubescence, larger leaves, longer pedicels, and white petals; 
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Westgronlaiid. Mitteil. Naturf. Ges. Luzern 8: 

/. i-ig + pi, 1-4, 1921. 
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78: 433”-439*/- 30 D 1924. 
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agricultural lime: 1 . A comparison of the influence of syn¬ 
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plant growth. Soil Sci. 18: 479-491, ^‘D 1924” Ja 1925, 
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Mycologia 16: 255-258. pi. 20, “N" 6 D 1924. 

Becker, W. VioJae Mexicanae et Centrali-Americanae. L 
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Acad. Sci. 14: 452-456. 19 N 1924. 

Blake, S. F. New plants from Central and South America, 
Jour. Wash. Acad. Sci. 14 : 284-293, 19 J1 1924. 
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Phytopathology 14: 588. “D 1924” Ja 1925. 
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Brinkj A. Preliminary study of role of salts in pollen tube 
growth, Bot. Gaz. 78: 36i-“377. 30 D 1924. 

Broomej H. C. William Henry Pearson—a bibliography. 
Biymlogist 27: 96-101. ''N 1924’' 15 Ja 1925, 
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Chase, A. Aciachne, a cleistogamous grass of the high Andes. 
Jour, Wash. Acad. Sci. 14: 364-366. /. 1-4, 19 S 1924. 
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ph 23, 26. ' N ■1924. , . . 
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Collins, J. L. Inheritance in Crepis capillaris (L.) Wallr. III. 
Nineteen morpliological and three physiological characters. 
Univ. Calif. Publ. Agr. Sci. 2: 249-296. pi. 45-52. 31 D 
1924. 

Come, F. E. Ferns—facts and fancies about them—III. Am. 
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Including Bacterium Martyniae n, sp. 

Emig, W. H. Twin eggs in BryMOT caespiticium. Bryologist 
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Eyster, W. H. Inherited deficiency in carbohydrate meta¬ 
bolism in maize. Bot. Gaz. 78:446-452./. 1-3. 30 D 1924. 
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FariSj J* A. Factors influencing the infection of wheat by 
Tilletia Tritici and Tilletia laevis, Mycologia 16 : 259-282. 
/, 1-4. ‘"N” 6 D 1924. 

Paris, J. A. Physiological specialization of Ustilago Hordei. 
Phytopathology 14 : 537 - 557 */• ‘'D 1924” Ja 1925. 

Farr, C. H. Cellular interaction between host and parasite. 
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Florell, V. H, Studies on the inheritance of earliness in wheat. 
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Gericke, W. F. Growth-inhibiting and growth-stimulating 
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The effect of wounds upon the rotation of the protoplasm in 

the internodes of Nitella 

Susan P. Nichols 
(with four text figures) 

The cause of traumatic shock has been the subject of many 
investigations in recent years, especially in the animal kingdom 
(Cannon 2, Crile 4, Mann 14, Seifriz 17), although plants have 
received some attention (Bayliss 1, Fitting 6, Lillie 13). The 
theories advanced in explanation are somewhat confusing and 
contradictory. 

While studying the process of healing in plant cells, it was 
observed that the internodal cells of Nitella offered an unusual 
opportunity to study the reactions of streaming protoplasm to 
wounds. Therefore a series of experiments was carried out in 
the hope of gaining further evidence as to the traumatic response 
of active cells and, if possible, the nature of traumatic shock. 

That protoplasm will recover from mechanical injury and 
later show streaming has been demonstrated many times. Hofer 
(9) sectioned riwuefia and found that streaming was recovered 
in the fragments although the nucleus might not be present in 
the isolated portion. Hertwig (8) and Verworn (18) sectioned 
swarmspores and infusoria and found that the ciliated portions 
regained their movement while non-ciliated sections remained 
quiet. Hauptfleisch (12), Pfeffer (15), Gerassimoff (7), and 
Hofmeister (10), have obtained similar results in plant cells. 
By plasmotysis or induction shocks they isolated in the cell 
non-nucleated portions in which streaming was maintained 
for several hours.' 

A portion of the plant two or three internodes long is mounted 
in a drop of water and under a low power objective punctured, 

[The B'ULLETIn for June :'(52:'.249'-35 o). was issued'4'November,' 1925]' ' 
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free-liaiidj with a steel needle ground to a very fine point. 
The effect upon the protoplasm,'which I wish to report, is indi¬ 
cated by the change in the rate of moveiiieirt shown Ijy the 
particles carried in the streaming protoplasm. The ra/te is 
obtained by taking on a stop-watch the time that a gri-iiii re¬ 
quires to move five units, equal to 80 microns as measured]by 
the ocular micrometer. The term ‘'normal rate” is used in 
referring to the average rate at which the protoplasm is moviiiu 
in the iinpuiictured cells of the control. The control is a speci¬ 
men consisting of the same number of interiiodes, usually 
three, as nearly as possible of the same age, size and condition 
as the material under experimentation. Before j:}egirining an 
experiment a specimen is selected in which the protoplasm is 
moving at the same rate as that in the cells of the control. 
The experiment and control material were both liaiidled in the 
same way and both I'emained under the same cultural conditions. 

As the needle passes through the wall a number of plastids 
are torn loose, leaving a clear area around the opening. On. the 
withdrawal of the needle from the hole a certain amount of 
protoplasm with its plastids, starch-grains, and other particles 
pours out into the surrounding water. The protoplasm is not 
at once miscible but forms globular masses just outside of the 
opening. After a minute or two granules begin to accumulate 
in the opening. This mass seems to harden, forming a plug, 
and the loss of protoplasm ceases. Gradually a new membrane 
forms inside of the cell wall separating the plug from the re¬ 
mainder of the protoplasm. The new membrane soon begins to 
form a new wall and the healing is complete. 

■ By maintaining a clear focus on the point of the needle, as 
it passes through the wall it is possible to observe an immediate 
retardation or cessation of the streaming movement, which may 
"be general'throughout, the cell, or be limited to a region near the 
wound. The ,effect^ of the puncture mpon, the'rotation of the, 
protoplasm is influenced by the sharpness of the needle, location 
of the puncture in the internode, the number of times the inter¬ 
node has been punctured, as well as the size and depth of the 
.'Yl/'ound.,' " 

' The first puncture of an internodal cell more frec|ueiitly 
causes all movement to cease than 'later punctures made the 
same day. If the cell is punctured repeatedly for several days, 
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tlie first puncture of each day is more apt to cause cessation 
than later' punctures. 

The cell wall is very pliable and gives readily before the 
needle, but if the needle is so sharp that it passes through the 
wall with very slight bending at the point of contact it forms a 
puncture that does not cause the movement to cease through¬ 
out the cell, but only in a section near the wound. The portion 
of- the protoplasm affected varies according to the character of 
the wound. When the wound is large (100-200 microns) and 
followed by a cot respondingly large loss of protoplasm, there 
may be a pronounced retardation throughout the cell, but 
frequently one end or both will show granules moving at the 
normal rate. If the puncture is not so large (60-100 microns) 
movement may be present in the major portion of the cell 
while the protoplasm is escaping through the partially plugged 
opening. 

When a sharp needle is passed through the wall slowly 
many of the particles in the field of vision show only a slight, 
if any, retardation. Just at the time of puncturing some of the 
granules in the course of the flowing protoplasm both above and 
below the ivound, cease to move, while laterally there are grains 
that do not show any effect, 

A wound of the same size, but made with a quick thrust, 
always results in a more pronounced reaction as shown by 
the increased area affected, as well as the longer period required 
for recovery. That the amount of injury suffered by the proto¬ 
plasm is dependent oii the way the needle is handled has been 
observed by Chambers (3) and Seifriz (17). Chambers states 
that “one may puncture a cell with a needle and drag the 
needle back and forth cutting through the cell, and if the pro¬ 
cedure be slow and gradual the tear closes up behind as the 
needle proceeds and the process may be continued almost 
:*ad 'libitum’"without producing-any ill effect. If, on' the other 
hand, the needle is carried rapidly through the cytoplasm, a 
few thrusts only are necessary to induce rapid disorganization.” 

The difficulty of piercing the wair may account for the 
fact that'the most carefully ma-de puncture of .'E''MM/a-.cell' 
is always followed by a definite injury resulting in some retarda- 
tio'n , for 2-5 'mi-niites. at -least-'-in' the-- '''protoplasm '. passing the 
wo-und. , '- (T , 
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When the needle is slightly dull the wall bends at the point 
of pressure, and as the needle penetrates, the wall springs 
back into position, causing a slight jar or vibration to pass 
through the cell. This action is accompanied by an iiiimediate 
cessation of movement throughout the cell. Complete cessation 
of movement throughout was never observed except when It 
could be accounted for either by the readjustment of the wall 
or an explosive loss of protoplasm following the puncture. 
That a jar or any mechanical shock which may start a vibration 
will cause cessation throughout a streaming cell has been ob¬ 
served and discussed so many times that it does not require 
further comment at this time (Ewart 5, Hormann 11, Haupt- 
fleiscli 12, Pfeffer 15). 

Movement is not resumed simultaneously throughout the 
cell, but here and there a granule will be observed to move 
slowly (20-30 seconds per 80 microns) while the adjacent 
particles are quiet. The movement spreads rapidly until all 
the granules are moving except in a region near the wound. 
Hdrmann (11) observed that the interiiodal cell in Nitella 
might show more than one rate of movement under experimental 
conditions. When he immersed one end of a cell in water and 
the other in a sugar solution, a decrease in the velocity of 
movement in the end immersed in the sugar solution was ob¬ 
served* Hermann thought that this effect was the result of 
the stimulating action of the sugar solution upon the protoplasm. 
Ewart (5) repeated the experiment and decided that the sugar 
solution did not act as a stimulus, but through ex-osmosis 
increased the viscosity of the protoplasm and therefore de¬ 
creased the velocity of movement. 

Recovery in the region near the wound follows the same 
general course in. every case, whether it has been preceded by 
a general cessation of movement, or only by the formation of 
a quiet area at the puncture. I will describe one of my experi¬ 
ments in detail in order to outline this process. 

An internode 2.5 cm. long and 1.5 mm. wide W£is mounted 
and punctured one cm. from the end. The puncture was about 
midway between the two'neutral zones. ' A quick, thi'ust with 
a sharp needle formed a puncture 105 microns by 45 microns. 
The plug formed, without excessive loss of protoplasm'. ' At, the 
time of puncturing there was a very slight retardation through- 
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out the cell and complete cessation of movement in the particles 
moving toward, and by the wound, for a distance of i6o microns. 
Some of the particles in the current moving away from the 
wound ceased to move immediately while others continued to 
move very slowly (52 seconds per 80 microns). As an immediate 
result of the wounding in this case, in the region below the punc¬ 
ture and along the lines of flowing protoplasm there were fewer 
granules visible than in the remainder of the internode. This 
may be because it is the motion which enables one to see certain 
of these particles whose optical properties are not very different 
from those of the mass in which they are imbedded. After 
one to two minutes there was no visible movement in this area, 
which could be traced for 1280 microns before it passed out of 
view around the side of the internode. 

The first movement in the quiet area was shown by granules 
passing the wound laterally. After the first slow movement 
the rate increased very rapidly until they were moving normally. 
During the first two or three minutes there was a very slight 
retardation just as they passed the wound. 

After a brief interval (30 seconds) the granules in the line 
of previous flow and in the direction from which the cytoplasm 
was coming, were once more carried toward the wound, where 
their movement was checked. As the granules were checked, 
some came to rest while others moved laterally and around 
the wound until they were caught in the adjacent stream of 
more rapidly moving protoplasm. The movement spread rap¬ 
idly throughout this region and in a few seconds the whole 
mass was moving. The rate increased steadily but somewhat 
more slowly than laterally from the wound, yet in three min¬ 
utes the whole mass was moving normally. 

This checking of the movement in the region of the wound- 
plug resulted in an accumulation of material just above the 
wound. This mass soon became so dense that it was impossible 
to focus on any definite grain to follow its coiinse. Granules 
were steadily carried out of this mass and borne away in the 
streaming protoplasm passing the wound laterally* There was 
the appearance then of two dense masses of moving protoplasm, 
one extending from each end of the wound; 

As the normal rate of streaming was re-established laterally 
from' the'wound :during thC' .first , two' seconds, the Transition 
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from the quiet area, down-stream from the AVoiind, to normally 
flowing cytoplasm was very abrupt. There was a narrow zone 
about 16 microns wide of slowly moving particles between the 
two regions. The streaming protoplasm gradually encroached 
on the quiet area, thus narrowing and shortening the region. 
This process continued for .several minutes. The quiet area was 
capped and bordered by dense masses of slowly moving proto¬ 
plasm, while the remainder of the cytoplasm in the internode 
was moving normally, as shown in fig. i. 



Fig. I, Diagram illustrating the arrangement of granules at the wound 
about ten minutes after puncturing. 

Finall^^ the mass of material pressing against the wound 
began to pass under the wound-plug, starting a movement in 
the quiet area on the other side. The granules were moving 
slowly as they passed the plug, but did not stop entirely when 
they came in contact with the quiet protoplasm; instead they 
were carried laterally until they were caught and carried away in 
the bordering streams of cytoplasm. This action continued for a 
minute or two. At this time there is-movement between the 
wound and the quiet area below. Focusing through this area, 
it was sometimes possible to see particles carried along under it 
as they .were,under the wound. After about three minutes the 
entire region began to show movement slowly (30 seconds per 
80 microns). The rate increased very slowly. After four hours 
there was still a noticeable retardation in this region. This 
was,in marked contrast to the procedure in the other portions, 
of the' cell where movement once started,''gains its' normal rate 
ill a few minutes, as shown in figs 2 and 3. 

The next morning the entire protoplasm of the cell was 
rotating normally at 1.5 seconds per 80 microns. 
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Sometimes in puncturing, the number of plastids loosened 
from the wall was very large, leaving a correspondingly large 
clear area around the puncture. When this happened it was 
easier to follow the movement near the wound. In one such 
instance, when experimenting on an internode containing only 
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Fig. 2 , Diagram illustrating the rate at which the granules are carried 
30 minutes after puncturing. 

Fig. 3. Diagram illustrating the rate at which the granules are carried 
one hour after puncturing. 

The I'ates shown in the diagrams were obtained by averaging twenty-* 
five experiments. Each numeral indicates the number of seconds taken by 
a particle in moving 80 microns when in that position in relation to the wound. 
The granules were timed every alternate 80 microns as long as they were in 
view, ' . , , ' ' 

a few floating particles, it was observed that a mass of dense 
protoplasm with two or three granules embedded in it was 
loosened from the wall and carried away in the stream. Appar¬ 
ently this mass formed a portion of the quiet area. 

If the puncture is made in the neutral zone the disturbance 
,tOv the rotation, may^ be very slight. On each'.side;"'of' the "Zone, 
there "is a current toward" the wound and ' the^ additional quiet 
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area is correspondingly reduced, facilitating rapid recovery. 
The final effect is that of a slightly distended neutral zone at 
this point. Occasionally a very pronounced reaction follows the 
puncture. As the granules are checked at the wound, some are 
carried slowly around the wound area, and pass on in their 
normal direction. Other particles, slightly nearer the neutral 
zone, are carried toward it, slowly cross the zone and join the 
stream on the other side, and reverse their direction of flow. 
This may take place just at the wound, or at some little distance 
from it (320 microns). It may occur on both sides of the wound, 
leaving an area across the cell without any visible movement, 
or one stream only may cross the zone, the other moving by the 
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Fig. 4 . Diagram illustrating the movement of the granules in some 
cases when the internode is punctured in the neutral zone. 

wound in the normal manner. When this last condition re¬ 
sults/the number of granules in one end of the cell increavses 
steadily, while the number in the other decreases, resulting 
in a very uneven distribution of the material. Slowly the number 
.crossing the neutral zone decreases, while more'and more pass 
around and under the wmiind until the normal rotation is re¬ 
established (fig. 4). 

Repeated puncturing of the cell, without waiting for the 
resumption of movement in the protoplasm passing iincler the 
wound, results in a more pronounced reaction by the protoplasm. 
After the third or fourth puncture, recovery is noticeably 
slower although the general course is the same as after the first 
puncture. The following table is made from a series of experi¬ 
ments in which the cell was punctured as soon as there was 
'any visible^ movement, the.puncture being made.in the, s.ection 
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of the cell where the movement occurred. Each experiment 
i?vas considered closed when no furthei movement was observed 
on the day of the experiment. In every case the normal rate 
(2 seconds per 80 microns) was present in the cell when examined 
the next morning. 

Table showing the time between puncturing and the first visible 

MOVEMENT IN ANY PART OF THE CELL. 


No. of the 


puncture 

Exper. I 

Exper. 2 

Exper. 3 

I 

0 

30 sec. 

0 

2 

0 

0 

0 

3 

I min. 

2 min. 

30 sec. 

4 

2 

6 “ 

I min. 

5 

4 " 

10 “ 

7 " 

6 

4 

II 

9 “ 

7 

10 “ 

15 “ 

10 

8 

12 

16 

14 " 

■9 

20 

18 

16 

10 

18 

25 “ 

21 

II 

27 “ 

45 “ 

30 “ 

12 

42 “ ^ 

I hr. 12 min. 

50 '' 

13 

I hr, 27 min. 


I hr. 40 min. 

14 

3 l^^-s. 




If the second puncture is not made until after the movement 
has been resumed throughout the cell, although there is retarda¬ 
tion of the movement in the protoplasm passing under the 
wound, the reaction may be less pronounced. The time between 
the puncture and the resumption of movement is shorter, 
especially in the cytoplasm moving toward the wound. Each 
successive puncture is followed by a more rapid resumption of 
movement. After several punctures (five to eight) the proto¬ 
plasm does not entirely cease to move toward the puncture 
although it may be retarded as it approaches the wound. Move¬ 
ment from the wound ceases but is resumed after a short pause 
(two to four minutes). The tenth or thirteenth puncture may 
be followed' 'by a pause at the wound 'while the plu'g''is. being' 
formed, movement being resumed as soon as the escape of 
protoplasm ceases. The granules begin to pass the wound 
immediately, but after passing their rate may be retarded (5"-i5 
seconds per 8o microns). One cell that was punctured seventeen 
times' the same day showed,a, very prompt, return to 'tHe normal 
rate following the last three punotii res.' 
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If the change of rate in the streaming protof3lasm is a re¬ 
action to the wound stimulus it is obvious that this stimulus 
is not transferred directly any great distance. A wound with a 
sharp needle, even when very large (200 microns), has never 
been observed to cause any change of rate in an adjacent node, 
internode, or leaf cell. If the stimulus is the direct effect of the 
wound, rather than of the resulting accessory disturbance, 
such as the loss of protoplasm, the readjustment of the wall, 
etc., the effect should be manifest before the withdrawal of the 
needle from the puncture. This is actually the case, since there 
is a region around the puncture in which all movement ceases 
momentarily at the time of the puncture and movement may 
be resumed in portions of this region while the needle is still 
in the hole formed. With the removal of the needle, and the 
accompanying outflow of protoplasm, the effect may become 
general or remain local, as already described. That the dis¬ 
turbance of the protoplasm remote from the wound is due to 
another factor than the wound stimulus, is indicated by the 
fact that the non-streaming area does not form immediately, 
but in the next two or three minutes after the puncture has been 
made, and its outline is influenced by the direction in which 
the protoplasm is streaming. 

Cannon (2) in the discussion of his experiments on traumatic 
shock, distinguishes primary shock, which he thinks is piobably 
due to some nervous disturbance, and secondary shock, which 
he ascribes to some toxic element. This toxic substance, possibly 
a proteid cleavage product, enters the circulation and causes 
disturbances in the system that are manifest sometime after the 
wound has been received. The time between the injury and 
the development of the secondary shock may be hours, or it 
may be weeks.' 

The phenomena in the Nitella cell suggest perhaps a similar 
situation. The cessation or retardation of movement which 
may immediately result from the puncture may be a matter of 
direct stimulation. Lillie ( 13 ) believes that any local stimulus 
alters the plasma-membrane, and this starts an electric current 
which is propagated through the cell membrane and thus the 
transmission of the stimulus is very rapid. This stimulus thus 
propagated, produces a response throughout the cell, which 
he compares to the '(none or all’( response of a muscular fibre. 
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Bayliss (1) working on Amoeba and Nirella was able to show 
that a weak electric current would change the moving proto¬ 
plasmic hydro-sol to a non-motile gel. This gel reverts to the 
sol and movement re-commences as soon as the current is 
removed. 

A primary effect of this sort may or may not be evident in Ni- 
tella, but what apparently corresponds to the secondary effect 
always follows the puncturing of a Nitella cell When the needle 
enters the cell more or less protoplasm is injured. Toxic substan¬ 
ces liberated by this injured protoplasm may be responsible for 
the subsequent changes in the streaming. Retai elation or ces¬ 
sation of streaming may be due to the fact that the piotoplasm 
becomes more viscous or passes into a gel. As would be ex¬ 
pected, this region is .not well developed on the side where the 
cytoplasm is moving tow^ard the wound and the toxic sub¬ 
stance has to diffuse against the stream, or is limited to the 
area through which it can diffuse during the time of rest. On 
the other side of the wound the toxic substance may be carried 
by the current present, which explains the gradual development 
of the reaction in this region as well as its more permanent 
character. 

A toxic substance, formed by the injured protoplasm and 
present in the region washed by the cytoplasm passing the 
wound, might account for the effect on the plastids in this 
section. If the protoplasm in this region remains quiet for any 
length of time the plastids die, lose their color, and finally 
disintegrate. Plastids that are much nearer the wound, but are 
not in contact with this protoplasm, remain normal. 

Such a substance must be assumed to be given off by the 
wound for some time, two or four hours, since the moving 
protoplasm is retarded for this length of time, as it passes the 
wound. This retardation is not the result of a purely mechanical 
obstruction by the internal plug, for the amount of retardation 
gradually lessens until it disappears, while the internal plug 
remains for days. ■, 

Fitting (6) found that an extract of filter paper contained a 
substance which would start active rotation in the quiet proto¬ 
plasm in the cells of VaUisneria and H 

pronounced results when he used an extract made from the 
leaves of VaUisneria^ or Elodea, A leaf of VaUisneria mounted 
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in water, and then cut, lost sufficient juice into the water to stim¬ 
ulate movement in the uninjured cells of the leaf. He believed 
the movement was caused by some substance from the cells, 
since the protoplasm failed to show any movement if the leaf 
was washed with fresh water as soon as the cut was made. 

These experiments seem to contradict the results obtained 
with Nitella, in which wound substance, as I have interpreted 
my experiments, seems to check streaming. The contradiction 
may however be only apparent. It is not impossible that Nitella 
cells also may liberate a similar substance to that which Fitting 
postulates, which aids in the recovery of motion in the quiet 
area. 

The increased immunity to the toxic substance manifested 
after several punctures suggests the possibility tha*t an anti¬ 
toxin or an anti-body of some character may have developed 
in the protoplasm. The gradual recovery of the injured area as 
it is washed by the normal protoplasm also suggests such a 
possibility. 

Hermann (11) Ewart (5) and later investigators, Bayliss 
(1), Pfeffer (15) state that any decrease in the viscosity of the 
cytoplasm results in an increased velocity of movement, Re¬ 
peated puncturing with its accompanying loss of protoplasm 
may cause a large absorption of water and a decrease of viscosity. 
That a very large amount of water can be introduced into the 
protoplasm without serious injury has been shown by the 
experiments of Chambers (3). A lower viscosity of the proto¬ 
plasm may be a factor influencing the time necessary for the 
streaming to regain its normal rate. 

I wish to thank Professor R. A, Harper for his interest and 
assistance in this investigation, which was carried on at Columbia 
University, while on leave from Oberlin College. 
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Notes on Fabaceae —VI 


Pee Axel Rydberg 
XYLOPHACOS: VI. glareosi 

This group is characterized by the densely woolly, short, 
more or less incurved fruit, and the loosely villous pubescence 
of the leaves. The corolla is purple, or ochroleucous with a 
purple-tipped keel. 


Corolla 2-3 cm. long. 

Calyx-teeth nearly half as long as the tube; bracts 
subulate; pod strongly incurv^ed. 

Stems usually 1-3 dm. high; pod 2-2.5 cm. long, 

bent at the middle; corolla purplish,,. 32. X. mflexus 

Stem less than i dm. long; pod about 2 cm. long, 
abruptly bent above the middle; corolla ochro¬ 
leucous, the keel tipped with purple..33. X. mcurviis 


Calyx-teeth less than one-third as long as the tube; 
stems usually less than i dm. long. 

Leaflets obovate, mostly rounded to retuse at the 
apex. 

Calyx black-hairy; corolla bluish, 2.5-3 cm. long. 34. X, funereus 
Calyx white-hairy; corolla rose-purple, white or 
ochroleucous. 

Pod comparatively sparingly hairy; bracts 
subulate, slightly longer than the pedicels; 


corolla 2 cm. long, ochroleucous or white.36. X. nndisiltquus 

Pod very densely villous; bracts lanceolate, 
more than twice as long as the pedicels. 

Leaves densely white-fioccose; corolla about 

2.5 cm. long, rose-purple.... 35, X.ntahensis 

Leaves sparingly white-villous; corolla about 

2 cm, long, ochroleucous. .... 37. X. suhvillosus 

Leaflets elliptic or lanceolate, acute or obtuse. 

Corolla ochroleucous or white, the keel only 

tipped with purple.... 38. X. PursMi' 

Corolla purple or purple-tinged. 

Peduncles usually not exceeding the leaves. 

Leaflets oblanGeolate, acute; pod rather 

long-acuminate............ X,.glareosus 

Leaflets elliptic, obtuse; pod short-acuminate. 

Calyx white-hairy...................... 40. X. candelarius 

Calyx black-hairy. 4.1. X. veniosus ' 

Peduncles in flow;er usually exceeding the 
' leaves; pod short-acuminate ,■,.'___' '' 42. X, ■' kmoMus ■ 

■■■ 
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Corolla 15 inm, long or less. 

Corolla ocliroleucous; leaflets broadly obovate. 43. X, argeyitimis 

Corolla purplish; leaflets narrowly obovate or oblanceo- 

late. 

Racemes usually more than 6 -flowered, on very short 
peduncles; bracts lanceolate, scarcely exceeding 
the pedicels....44. X. lectulus 

Racemes 2 - 6 -flowered, shorter than the peduncles; 

bracts subulate, almost half as long as the calyx. 45. A^. lagopinus 

32. Xylophacos inflexus (Dougl.) Rydberg. This species 
has been confounded with X. Purshii on one hand and X. 
utahensis on the other, especially when found in undeveloped 
specimens. Well developed ones have stems 2-3 dm. long, 
while in the other two species the stems are always very short. 
In X, inflexus, however, the calyx-lobes are much longer, nearly 
half as long as the calyx-tube. The bracts and pods are longer, 
and the latter more curved at the middle. 

Washington: Vasey; Alamota, Piper 1492, 2938, in 1896, 
1899 and 1901; Elmer 2<5j; Wawawai, Piper, in 1901; Elmer 112; 
Hull; Spokane County, Sa?idberg & Leiberg 18; Walla Walla, 
Wilkes Expedition 529; opposite Alkali, Howell, in 1882 ; Illia, 
Piper 665; Spdkzxie, Piper 2288; without locality, Brandegee 722; 
Whitman Co., Elmer 283; Sheldon 8031; Spokane, Piper 2288; 
Klickitat Co., Suksdorf 35, iSSi (determined as A. Purshii 
longilobus Jones).— Oregon: Independence, Cusick 1366; Wal¬ 
lows. County, Sheldon Soji/ feyb; Snake River, Cusick 2322, — 
Idaho: Clear Water, Spalding; Sandberg, MacDougal & Heller 9; 
Lewiston, Heller 3010; Hefiderson; Curlew Gulch, Mulford. — 
Montana: Helena, F. W. Anderson, Kelsey; Lo Lo, Elrod 114; 
St. Ignatius, MacDougal 283; Missoiiia, MacDougal 126, 236; 
Sand Coulee, Williams Madison, Scribner 27d; Hamilton, 
Blankinship dyi; Missoula, Paulson 38, 

33. Xylophacos incurvus Rydberg, sp. nov. Subacaulescent 
perennial, with a cespitose caudex; stems 1-5 cm. long, densely 
leafy; leaves s-p cm. long; stipules lanceolate, 4-^5 mm. long, 
villous-canescent; leaflets 11-17, oblanceolate or elliptic, acute 
at each end, 10-15 iiim, long, 2-4 mm. wide, villous-canescent; 
peduncles 3-5 cm. long; racemes 3-7-flowered, dense; bracts 
subulate, 5-10 mm. long, attenuate; calyx white-villous, the 
tube about I cm. long, 3.5 mm. broad, the teeth subulate, 
mm. long; corolla nearly 2 cm. long, white or tinged with rose- 
purple,.'.the keel purple-tipped;'banner obovate, retusewings 
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about 2 mm. shorter, the blade oblong, aciitish, shorter than the 
claw; keel-petals still shorter and broader, the blade strongly 
arcuate and rounded at the apex; pod densely white-viilous, 
2 cm. long, I cm. broad and 7 mm. deep, usually sulcate on both 
sutures except at the apex, strongly incurved almost to a half 
circle; seeds obliquely reniform, brown, 2.5 mm. long, 2 mm. 
broad. 

Type collected in California, in 1875, Lemmon (herb, 
Columbia University). 

This might have been included in A, Purshii longilobtis M. 
E. Jones, (Zoe 4: 269, 1893), but the type of the latter was 

from Tehachapi, Southern California. In his Revision of Astra¬ 
galus, Jones modifies his description and evidently includes sev¬ 
eral diverse forms. 

California: Lemmon 75; Modoc County, M. S. Baker, 
in 1893; Plumas County, Heller & Kemiedy Sierra County, 
Lemmon si; Upper Sacramento, — Nevada: Carson 

City, C. L. Anderson, in 1864. 

34. Xylophacos funereus (Jones) Rydberg. {Astragalus 
funereus M. E. Jones, Contr. W. Bot. 12: ii. 1908). Jones 
compares this species with X. coccineus. To me it seems more 
related to X. utahensis, differing in the larger flowers and fruit 
and in the black-hairy calyx. It does not have the narrow and 
almost straight petals of X. coccineus and the pod is more curved 
as in X". utahensis. I have seen specimens only from the type 
locality, Rhyolite, Nevada, but Jones gives also the Charleston 
Mountains and at Tonopah, Nevada, and Darwin, California. 

35. Xylophacos utahensis (Torr.) Rydberg. This was 
first described as Phaca moUissima utahensis from specimens 
collected by Stransbiiry on the northeast shore of Great Salt 
Lake and on Stansbury Island, though it had been collected 
before by Fremont in 1845. It is distinguished by the broadly 
obovate leaflets densely white-villous with matted hairs, the 
short calyx-teeth and bracts, the peduncles usually exceeding 
or equaling the leaves, the rose-purple corollas, in drying turning 
bluish. : , 

Utah: Numerous' collections.-— Montana:'' Beaverhead''' 
County, Shear 3350; P^i^j.s-an 6* Payson igog; Tweedy.^ 
Wyoming : Uinta County, A, Nelson Idaho : Shoup, 

Kemp 70; Challis, Macbride ^ Payson^ 3224; 1764 
Washoe County, in 1865. 
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36. Xylophacos nudisiliqtius (A. Nels.) Rydberg. (Astra-- 

gaUis nudisiliqims A. Nels. Bot. Gaz. 54: 410, 1912.) Nelson 

described this from fruiting specimens and his description is 
therefore inadequate. Jones, probably not having seen the 
type, claimed that it is only an aged form of A. glareosus. 
The habit of the plant, however, is not like that of X. glareosus 
but that of X. utahensis. The main difference being in the pod^ 
which in the present species is sparingly hairy and strongly 
incurved above the middle. There are two specimens from 
Malheur County, Oregon, which I take to be the same, Leiberg 
2003 in flower and Leiberg 2243 in. late flower and young fruit. 
Both these are less densely hairy than the type, Nelson 6f Mac- 
bride 1088. The fruit of Leiberg 2243 is similar to that of the 
type, but younger and hence more thin-walled, the corollas 
of No. 2003 are evidently ochroleucous and about 2 cm. long, 
the calyx white-villous, its tube about i cm. long and its teeth 
subulate and 2-3 mm. long; the bracts are narrower than In X. 
utahensis and much shorter than in X. inflexus. 

37. Xylophacos subvillosus Rydberg, sp. nov. Cespitose 
perennial with a much branched caudex; stems 5 cm. long or 
less, leafy; leaves 5-6 cm. long; stipules narrowly lanceolate, 
5 mm. long; leaflets 9-15, obovate or oval, 5-12 mm, long, 3-5 
mm. wide, rather sparingly white-villous, rounded at the apex; 
peduncles 2-6 cm. long; racemes 2-6-flowered; bracts linear- 
attenuate, 4-^5 mm. long; calyx loosely villous, the tube 8-9 
mm. long, 3 mm, wide, the teeth subulate, 2-3 mm. long; corolla 
apparently ochroleucous, about 18 mm. long; banner rather 
bi'oadly obovate, retuse; wings shorter, the blade acutish, 
oblong; pod densely villous, scarcely 2 mm. long, nearly i cm. 
broad, evenly arcuate throughout. 

Type collected in Sierra Valley, California, in 1873; Lemmon 
(herb. N. Y. Bot. Card.). 

The type was labelled by Lemmon Astragalus eriocarpus 
and the duplicate in the Gray herbarium was determined as 
A. glareosus. It has no very close relationship to either, but 
comes nearest toX . utahensis from which it differs in the sparser 
pubescence and smaller ochroleucous flowers. 

California : Sierra VoWey , Lemmon, in 1873; without locality, 
Kellogg & Hartford jpj.— Oregon; Harney County, aypy 
(This is referred here doubtfully). 

38. Xylophacos PuRSHii (Dough) Rydberg. The plant 
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was independently described as Astragalus Purshii Doiigl. from 
flowering specimens, and Phaca mollissima Nutt, from fruiting 
ones. A, lanocarptis Sheld. is nothing but a small-flowered typi¬ 
cal X. Purshii. Jones, in his Revision, admits 5 varieties of Astra¬ 
galus Purshii. Of these three represent as many good species. 
The var. longilohus I have been unable to place, and var. interior 
is, as far as I know it, of no consequence. It is rather superfluous 
to cite specimens of this species. Its range extends from 
British Columbia to Saskatchewan, South Dakota, Nebraska, 
and Nevada. Specimens cited from California do not belong to it. 
Specimens in fruit distributed as A. Booneanus belong here. 

39. Xylophacos glareosus (Doiigl.) Rydberg. This 
species has been much misunderstood and confused with both 
X. Purshii and X. infiexus. Jones for a long time applied the 
name A . glareosus to X. argophyllus, and Sheldon redescribed 
it as A. allanaris, perhaps led astray by Jones’ application of 
the name. A. Nelson again redescribed it as A. Booneanusj 
though some of the fruiting specimens referred to the latter 
belong to X. Purshii. X. glareosus much resembles in habit 
X. argophyll'US and the most important difference is in the fruit. 
Jones in his Revision made it a variety of Astragalus infiexus^ 
but it would have been more proper to make it a variety of X. 
Purshii, and it is more closely related to that species than are 
X. leucolobus and X. lectulus vrhich Jones regards as varieties of 

Purshii. 

The characters separating it from X. Purshii are, the purple 
corolla, the usually longer peduncles and the pod, which is less 
densely hairy and abruptly incurved above the middle. 

British Columbia: Lake Osoyoos, Macotin 70443.—Wash¬ 
ington : Spokane County, Sandberg ^Leiherg 18; Chelan County, 
Griffith 1(55; Ellensburg, Piper 2680; Yakimn County, 

Cotton. S32 in part; 1107; Henderson 235^; Klickitat County, 
Suksdorf .30'; Whited 1275 and 18; PAlenshurg, Whited 273. — 
Oregon: Malheur County, 2202, 2158; Morrow County, 

Leiberg ,32; Wasco County, Lawrence irS, 3^P; Baker County, 
Peck' 10383; Eastern Oregon, J3d7, ^3 Lake Co., 

Eggleston 68g4, 7023; 6842.—I0KB.0: Burke; Elmore County, 
Macbride Sf. Payson ' 2830; , Canyon ' County,' ■ 'Macbride 37,..,. '760,..' 
783; Weiser, Jones 6228; also June Clark 5, 22; 

'1892 —Utah: ■Gacbe County,. C...: Smith:2363.-^ 
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Uintah County, Aferrill Wilcox 383; A. Nelson 2gQQ, 2Qgo; 
Parry ‘jg; NewcawStle, Bates ,— Montana: Beaverhead County, 
Nelson & Nelson 5416; Belgrade, Blankinship 674. 

40. Xylophacos candelarius (Sheldon) Rydberg. {Astra¬ 
galus candelarius Sheldon, Minn. Bot. Stud. 1: 143. 1894.) 

This is related to X. Furshii, differing mostly in the smaller 
purplish flowers and more densely pubescent and obtuse leaflets. 
It is evidently the same as Astragalus Purshii tmctus M. E. 
Jones (Zoe 4: 269. 1893), at least as to the type, though the 

specimens cited, from Ventura and Inyo Counties, California, 
do not belong to it. It also includes Astragalus consechis Sheldon 
in part. Jones erroneously refers this species to his Astragalus 
Newberryi Walsonianus^ i. e. Xylophacos Watso?iianus (Kuntze) 
Rydb. 

Nevada: Esmeralda County, Shockley 33; Carson City and 
Virginia City, Bloomer; Wasco County, Sonne i, 11; Mt. Gabb, 
Pur pus 3867; Pioche, Minthorn 31 (?)— California: Nevada 
County, Sonne, in 1887 and 1895; Siskiyou County, Greene 
713; Brown 470; Baker 3557 ; Modock County, Austdn Sf Bruce 
2207; G, D, Butler 1283; Manning 715; Palmetto Range, Purpus 
5c?7p.—O regon: Mitchell, Wheeler County, Peck 10112, 

41. Xylophacos ventostis (Suksdorf) Rydberg. {Astragalus 
ventosus Suksdorf Ms.) Perennial, with a tufted cespitose caudex; 
stems many, less than 5 cm, long, white-villous, densely leafy ; 
leaves spreading, 2-5 cm. long; stipules lanceolate acuminate, 5--6 
mm. long. Leaflets elliptic, obtuse, 5-7mm. long, 2”'3 mm. wide, 
white-villous on both sides, peduncles i~*2 cm. long; racemes 3-6- 
flowered, sub-capitate; bracts lance-subulate, 5 mm. long; 
calyx black-villous, often purple-tinged, the tube lO-ii mm. 
long, 2-3 mm. broad, the teeth subulate, 2 mm. long; corolla 
purplish, about 2 cm. long; banner obovate; wings slightly 
shorter, the blades oblong, with a large ba’sal auricle; keel- 
petals slightly shorter, the blade, strongly lunate, rounded at the 
apex; pod ovate, lunate, fully 1.6 cm. long, 8 mm. broad and 

" deep:, densely woolly. , 

Type locality; Windy rocky places several kilos east of Bingen, 
Nov. 10, ig20, Suksdorf 10662, 

The species is related to Jf. candelarius and X: glareosus, 
but differs from both in the black-hairy calyx, from the former 
in the somewhat larger pod and from the latter in the broader 
obtuseleaflets.' • ' 

,4; "Washington;: 'Klickitat Countyj Stiksorf 10662, 50.,'and 
,ypi<5;;;Rattlesnake Kill, Yakima Co., "CGtton 332, ' 
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42. Xylopliacos leucolobus (S. Wats.) Rydberg. (Astragalus 
leucolobus S. Wats.; M. E. Jones, Zoe 4: 270. 1893.) This re¬ 
sembles closely the preceding, but the peduncles usually ex¬ 
ceed the leaves, the calyx is often purple-tinged and densely 
short-villous, its lobes are very short, the pod is more tapering 
and the wing-petals almost equalling the banner, 

California: San Bernadino County, Parish 2j4g, 2Qq8, 
4q66\ 3744, 1813; Inyo County, Coville Fimston 343, 783^ 
4g6; Elmer 3Q9S; Abrams & MacGregor 236; Ventura County, 
Munz 7014a; GrinnelL 

In specimens from the Tehachapi Mountains of Kern 
County, the calyx is more long-hairy, its teeth longer, and the 
bracts subulate attenuate and scarious. Astragalus consecttis 
Sheldon was evidently a mixture of three or four species, but 
the type, not seen by me, apparently belongs to this form. 

California: Kern County, Abrams MacGregor 432; 
Eastwood 3230; Dudley 314; Pringle, in 1882; Jones, in 1897; 
Heller 7712, 

43. Xylophacos argentinus Rydberg, sp. nov. Subacaules- 
cent cespitose perennial; stems very short and leafy ; leaves 4-7 
cm. long; stipules lanceolate, 5 mm. long; leaflets 7--13, broadly 
obovate, about i cm. long, rounded or truncate at the apex, 
silvery-villous; peduncles 3~'5 cm. long; bracts lance-subulate, 
3-4 mm. long; racemes 2-'5-flowered; calyx white-villous, the 
tube 5-6 mm. long, the teeth subulate, 2”*3 mm. long; corolla 
ochroieucous, I3“'I4 mm. long; banner obovate; wings slightly 
shorter, the blades linear, acutish; keel-petals broader, arcuate 
and rounded at the apex; pod densely white-villous, about' 2 
cm. long, 8 mm. deep, arcuate above the middle, the sutures 
slightly Silicate. 

Type collected at Lone Pine, California, May 14, 1897, Jones 
(Gray Herbarium). : 

It resembles X 3 utahensis \n leaf-form, pubescence and the 
fruit, but the corolla is much smaller and ochroieucous. 

California: Inyo County,;(type); Heller 8313. 

, „'44,'Xylophacos, lectulus (S.'Wats.) Rydberg. ' (Astragalus 
S. .Wats. 'Proc.'Am. Acad. 22,:, 471.,'■ 1887.) Tliis'/re- 
sembles X. candelarius a. good deal, but is smaller,,' more tufted,.' 
with very short peduncles,' smaller pod:and, much smaller .flowers, 
less than 15 mm. long. The pubescence is more like that of X. 
utahensis but the leaflets'are narrower. Jones regards .it,as,,a' 
variety of d; a; ' ^ 
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California: San Bernadino Mountains, Parish 1812, 2348^ 
2gg3; Parry Lemmon gS, Sonora Pass, Brewer igo8^ 1882. 

45. Xylopliacos lagopinus Rydberg, sp. nov. Cespitose peren¬ 
nial with a branched caudex; stems 2-10 cm. long, caiiescent; 
leaves ascending, 3-5 cm. long; stipules lanceolate, about 5 m.m, 
long; leaflets 5-9, mostly 7, obovate, 5-10 mm. long, rounded at 
the apex, silvery-villous; peduncles 1-4 cm. long; racemes 2-6- 
flowered; bracts lance-subulate, 3-4 mm. long; calyx villous, 
the tube 4-5 mm. long, 2-2.5 mm. wide, the teeth 1-1.5 mm. long; 
corolla purplish, about 12 mm. long; banner obovate; wings 
shorter, the blades lance-linear, acutish; keel-petals much shorter, 
strongly arcuate and rounded at the apex; pod densely villous, 
1.5 cm. long, I cm. deep, slightly indexed. 

Type collected on plains between Preneville and Bear Buttes, 
Crook County, Oregon June 25, 1894, Leiberg 326 (herb. N. Y, 
Bot. Card.). 

Jones (Astragalus 224. 1923), included this in Astragalus 

Purshii leckdtis, but it dift'ers in the better developed stems and 
peduncles, longer bracts, fewer flowers, and fewer leaflets. 

Oregon: Crook County, Leiberg 326; Ctisick igyia, 2824; 
Whited 302ga; E. Nelson 823; Wheeler County, Peck 10J12, 
974Si Summer Lake, Bailey 70; Pumice Plains, Leiberg 42g3; 
Lake Co., Eggleston 6<§77; Laidlaw, Whited 51. 

VII . COCCINEI 

This group is easily distinguished from the rest of the species 
by its large crimson flowers fully 3 cm. long. It contains only 
one species. 

46. Xylophacos coccineus (Parry) Heller. 

California: San Diego County, Orcutt; Spencer 233; 
Mearns 3026; Brandegee, in 1891; Egglestoft igSiS; Inyo County, 
Heller 8jgo; Atistm; Matthews; CoviUe & Fiinston 4gi; San 
Bernadino County, Parish 1280; Darwin, Jones, in 1897; San 
Jacinto, Leiberg 3176, 



Studies on the flora of northern South America—VII* 

H, A. Gleason 

New or noteworthy species of Melastomataceae— ii , 

Saccolena n, gen. 

Flowers 5-merous; calyx lo-winged, turbinate, elongated in 
fruit; petals yellow, obovate; stamens dimorphic; filaments 
flattened; anthers oblong, opening by a terminal pore, the con¬ 
nective prolonged at base above the insertion of the filament, 
the conspicuous posterior appendage subulate in the short 
stamens, ovoid and saccate in the long stamens; ovary superior, 
3-winged, turbinate, broadly truncate at the apex. 

Cogniaux, in his monogra|)h of the Melastomataceae, 
recognized seven genera in the tribe Bertolonieae, distinguished 
fundamentally by the location of the staminal appendage. In 
the four essentially Andean genera Diplarpea^ Monolenay Diolenaf 
and rrioZma, the appendage is anterior, while in the three Brazil¬ 
ian or Amazonian genera Bertalonia, Macrocentmm^ and Saif ingay 
it is either posterior or else virtually none. Saccolena closely 
resembles Salpinga in its trumpet-shaped fruiting calyx, and 
its relationship is further shown after dissection by the posterior 
appendage. The two genera differ chiefly in the structure of 
the stamens and the appendage. In Salpinga they are iso¬ 
morphic, with a slender or subulate erect appendage and also 
with a short basal posterior spur, while in Saccolena^ they are 
dimorphic, not only in length, but also in the character of the 
appendage, while the short basal spur is lacking. The genus is 
known only by its type species, which is here described. 

Saccoleiia ; dimorpha m sp.:" ; ■ Stems" , herbaceous, ''branching' 
' from, the base,simple';above,. ig- 20' c^l.'tall,^4-ang,led, minutely 
pulverulent with reddish resinous globules, the internodes about 
I cm. long; petioles very slender, minutely pulverulent, 12-25 
mm. long; leaf-blades broadly ovate, dark green, thin and mem¬ 
branous, the principal ones 30-55 mm. long by 20-32 inm. wide, 
narrowed or barely acuminate to an obtuse tip, sparsely and 
minutely ciliate-denticulate, broadly rounded below to an in¬ 
equilateral base, glabrous, 3-5-nerved, the veinlets inconspicuous; 
racemes axillary, 6-8-flowered, the peduncles strongly wing- 


* Contributions from the New York Botanical Garden, No. 276. 
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angled, 1-2 cm. long, rhachis 10-15 mm. long; pedicels slender, 
strongly wing-angled, gradually expanded into tlie obconic, 
gicibrous, lo-winged hypantliiiim, together ii nim. long; calyx- 
Hmb 0.8 Him. long; sepals somewhat spreading, triaiigiiiar, 

3.8 nim. long, 2.3 mm. wide, sharply acute, glabrous, faintly 
veined, with a narrow central wing; petals apparently broadly 
ovate, yellow, at least ii mm. long, very thin and riiembranoiis; 
iilaments thin and transparent, fiat, i~nerved, 0.7 mm. wide, 

2.8 mm. or 4.3 mm. long; anthers oblong, truncate, opening' 

a tenninal pore, 1.5 mm. long, 0.7 mm. wide, the connective 0.8 
long above the insertion of the filament, appendage of the 
short stamens geniculate near the base, ■subulate, 2.7 mm. long 
Ijv 0.3 rnm. in diameter, ■ appendage of the long stamens ovoid, 
saccate, 2.3 mm. long, i.i mm. wide; fruiting calyx and the 
strong]}’* thickened pedicel 2 cm. long, prominently wing- 
angled, expanded at the throc^t. Fig. i. 

T\'pe, Bro. Arisie-Joseph ci p20, collected at Paiiiie, Dept. 
Ciindinariiarca, Colombia, and deposited in the herbarium of the 
New York Botanical Garden, 

Diolena danceoiata n. sp. Stems herbaceous, branched at 
the base, simple above, 6-10 cm. tall, close!}' and densely op¬ 
pressed-pilose above,' 'glabrate below, the internodes about 5 
mm. longt leaves firm, narrowly' oblong-lanceolate, the largest 
35 mm. long'by 6 mm. wide, iong-acuminate to an o'btiise apex, 
flat or,,som€nv!iat revolute, barely-undulate to entire, -sparsely, 
and minutely pilose-ciliate, narrowed at tlie base iii'to a pilose 
petiole 1-2 jiiiii. long, bluish-green and glabrous above, closely 
strigjose along the basal portion of the .midvein, very sparsely 
pilose on. the surface, especially toward the apex, 3-rierved, 
tlie obscure t-’eiiilets 2-3 mm., apart, ascending; racemes 2- 
iiowered, from the upper axils, the peduncle pilose like tlie stem, 

3- 5,11101. long; pedicels pilose, 2 mm. long; flowers 5-iiieroiis; 
Irepaiithiuni broadly campaniilate, 3 mm. long and wide, densely, 
strigose, terete-above, obtusely 3-\vTnged on the basal 2 -iiim.; 
cal}-ov-!iiiib membra.nous, 0.4 mm. wide, the sepals broadly 
triarigular, 0.6 mm. long, i mm. wide,, barely apiciilate, the 
exterior teeth subulate-conic, giab.rous, 0.6-0.7 111111. lo-iig, the 
free portion of "the sepal reduced to a mere line across thw inner 
face of the. exterior tooth; petals,white, ovate-oblong, obtuse, 
glabrous; anthers broadly oblong with parallel sides, minutely 

4- loljed; at. the apex, barely" tapering at the.base, the connective 
'.barely prolonged basally, terminated posteriorly by 2' .miniite, 
ovoid, saccate lobes 0.05 mm. long, anteriorly by 2,erect, filiform, 
straight or slightly curved 'appendages somewhat, surpassing* 
the anther: filaments .flattened; style stout,, terete,''glabimis, 
the .stigma capitate; capsuleobconic, 3 mm. long,'.5-6'nim.evide,',. 
3-winged, glabrate at- maturity. Fig. 2. 
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TypCj Killip collected at Santa Rosa, Dept. El Valle, 

Colombia, alt..200-300 m., 22 Sept. 1922, and deposited in the 
herbarium of the New York Botanical Garden. The sheet 
exhibits several ripe capsules, but only one unopened flower, 
from wliidi the above description was made. Its petals are 2.5 
mm. long*, the anther i mm., the anterior appendages 1.2 iiim., 
the filament 0.7 mm., the style 2.6 mm. These dimensions may 
be too small for the mature flower. The leaves of each opposite 
pair are somewhat unequal, the smaller averaging two-thirds 
the length of the larger. Diolena lanceolata is obviously related 
to D. pihoides Triana and D, agrimonioides Triaiia. Both the 
latter have a much denser indiiment; in the former the smaller 
leaves are greatly reduced in size, and in The, latter the leaves 
are conspicuously dentate. 



Fig. I. Saccolena dimorpha Gleason: A, hypanthiiini and twisted pedicel 
X 2, fruiting liypanthium natural size; B, stamens X 10. F.ig, 2. Diolena 
LANCEOLATA Gleasoii, leaf natural size, stamen X 15 - Fig. 3. AIiconiA' 
KiLLiPir Gleason, dorsal and lateral face of stamens' Xxo- 

Leandra RUFE.SCENS,,. (DC.). Gogn. This variable, species 
might easily." be divided into .several, if attention were paid tO/ 
characters as'minute' as those used in' various other geiie.ra,, 
such as the character, amount, -and distribution of pubescence" 
and the details of the 'venation.. Among the- recognizable fo.rms, 
.Ld 'Cruz 44 So, from Kaieteur Falls, Biritish Guiana, seems worthy 
of note, ,'TIei'e the leaves'are alinost entire;,,' the,'.denticulatioii 
being indicated merely by longer cilia at, fairly regular intervals. 
■Transverse .veinlets ■ between' 'the ■ margin'' and „',tlt.e'.' outermost ■ 
vein are absent. 'Pubescence is completely absent ':On 'the'.'Up.per 
surface 'of .the, leaf',' even .on' the primary ,,veins, \'at'maturity^''' 
and": rarely extends . within ■■ ’'the ■' oute'rmo'st ; veins,' ■, even. 'On the; 

'young'leaves..'' The- 'Cal5^x'.is'.;'.more'fsp,arsely'', hirsute, '.'with',,d.ess';' 
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conspicuous furfuraceous pubescence beneath the liairs^ and 
the ovar\r is less strongly pubescent at the summit. 

Leandra purpurea n. sp. Stem shrubby, 15 dm. high 
obtuseb^ 4-angied above, later becoming terete, softly hirsute 
with both glandular and simple spreading hairs 1--1.5 mm. long; 
petioles stout, channeled above, 2-4 cm. long, hirsute like the 
stem, but more densely; leaf-blades thin and membranous, 
ovate-eiiiptic, sharply and obliquely acuminate, sharply and 
saliently denticulate (2-5 teeth per cm. of margin, setose, 0.5-1 
mm. high) and sparsely ciliate, rounded at the base, upper 
surface dark green, persistently sparsely pubescent with curved- 
ascending hairs 0.5 mm. long, densely hirsute on the nerves'with 
erect hairs 1.5-2 mm. long, lower surface paler, softly and thinly 
pubescent and ver\'^ sparsely glandular, 5-nerved, the veinlets 
obscure above, elevated beneath; panicles terminal, 12-15 cm. 
long, the axes, and branches densely hirsute with purple-red 
simple and glandular hairs, branches divaricate, verticillate; 
flowers 5-merous, mostly sessile, or the terminal on pedicels 3-8 
m;m. long, bractless; hypanthium nearly, spherical, cinereous, 
densely pubescent with simple hairs about 0.5 mm. long aiicl 
sparsely glandular-hirsute with hairs i mm. long; berries blue, 
sparsely villous and glandular, 8 mm. in diameter, spherical; seeds 
oblong, 0.45 mm. long, wvith a triangular lateral appendage at 
the'end. 

Type, Gleason Sp-, collected in dense upland forest at Tumatu- 
mari, British Guiana, 18 June-8 July 1921, and deposited in 
the herbarium of the New .York Botanical Garden. The leaves of 
each' pair are somewdiat une-qual, the largest one measuring .19 
cm. long by 10.5.cm. wide .and its opposite 17 cm. by 9 cm. The 
..petiole of the larger, leaf- is reguarly twice as long as that of 
the smaller. ' The piibes'cence of the stem is brown in color as 
far-as the base, of the first panicle-branch,, above which it is 
conspicuously ' red-purple as .'far as the Iiypanthium.'' The 
proportion of glandular hairs increases steadily to the apex of the 
'inflorescence. '. L., purpurea 'is obviously :related to' numbers 
189-193 of Cogniaux’s monograph and sh.ows; various points 
of re.'se,mbI.aiice'tO'i.t;<?f/fa 7 toa (L.^'C. Rich.)'Cogn.,, £. inaequali- 
folia: (Schr. ,■& , Mart.) Cogn., and L. polyadena. Ule. ' 1 1',differs 
imm 'L..vefticillata in its longer petioles, broader leaves persist- 
|;eiitly "pubescent'.above, quadrangular branches,and'': glandular' 
r,„ pubescence;, from L. inaequalifoHa in its longer petioles', its e.rect,' 
pprple-red panicle with: verticillate.branches, and in the greater.' 
^’riformity in size of the leaves.of each pair,'and'fromX.'f?cly'a&^^^^ 
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in its non-glandular, softly pubescent leaves with 5 green ner\.^esj 
its softer pubescence on the stem, and its shorter sepals. 

Among our recent collections of melastomes are three sheets 
of Miconia rostrata (Naud.) Cogn., Pittier Fit-tier 10,441 

and E. Pittier 152, from Venezuela, and two sheets of Miconia 
Benthamiana Triana, Killip 77gi and 11,454, from Colombia. 
Both species have been collected repeatedly in the past, and the 
present specimens add nothing to our knowledge of their distri¬ 
bution. Tlie^^ have anthers tapering to the apex and octomerous 
flowers, and -vrere accordingly included by Cogniaux in the section 
Octomeris. But in all superficial characters and habit they 
suggest at once the genus Heterotrichum, and in fact are so 
closely similar to H. mmrodon, H. octonum, and H. glandulosum, 
even in their more recondite characters, as to raise some doubt 
as to the validity of generic lines as at present drawn-in this 
region of the family. Throughout the tribe Miconieae the anthers 
show a considerable degree of uniformity, principally in the ab¬ 
sence of the distinctive structural features which are so character¬ 
istic of most Other tribes, and the genera have been separated' 
largely on the position of the inflorescence, the character of the 
fruit, and the shape of the petals. In his key to the genera of this 
tribe, Cogniaux distinguished the two genera only by the nature 
of the exterior calyx-teeth: 'hiulli vel inconspicui” in .Miconia, 
and saepius subiilati quam interiores majores ’’ in HeterotricJmm, 
Miconia is also stated to have a 2-5-locular ovary, in contrast 
to the 6-i2-Iocuiar ovary oi Heterotricimm, Gur two species 
actually have 8-locular ovaries,. as.'is beautifully shown on 
Bentham’s' plate 34 in the' Botany of. the Sulphur'Expedition 
for IE Benthamiana, The.anthers and'filaments ■ are essen-' 
tialiy the same'for Heterotrichum ^nd. lot Miconia stctioxi ' Octo-. 
ffieris. The only, remaining distinction seems to be in the mere 
length of the external calyx-teeth, a purely qiiantitative chara.cter 
certainly without,generic value*.' ' In fact, Naiidin. combin.ed'the 
'two, groups .in the genus Octomeris, a' union w.hicli'seems.'en'-'' 
: tirely ■ jus.tifiable; and logical, 'although . the ■ differentiation , of a 
special genus for these octomerous plants, is 'hardly ...n.ecessary..: 
Because'of the general simiia'.rity in habit'and/structure .to,''"the' 
well-known Heterotrichum octonum (Bonph) 'D'C*y '" our " two, 
species would better'.be united'with it''generieally, :'a'ndThe','fob' 
ylowing transfers ■ are accordingiy proposed* 
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Heterotridiuiii rostratum (Naud.) new comb. 

OctoTiie.ris ro strata Naud. Ann. Sci. Nat. Bot. IJL 4 : 53. ' 1845., 
Miconia rastraia Cogii. Monog* Phaner. 7 : 752. 1891. 

Heterotriclmm polyandrum (Benth.) new comb, 

CUdemia polyandra Benth. Bot, Siilph. 95 . pi, J4- 1844. 
Aikonia Benthmniana Triana, Trans. Linn. Soc. 28 : 102. 1871. 

The petals are pale purple, 10 mm. long, rather than 4 nini., 
as stated by Cogiiiaux (cf. Bentham’s plate); the stamens were 
40 in each of two flowers examined, and 24 in one flower of 
Killip 11454, This sheet also has broadly round-ovate leaves 
almost glabrous above, and shorter, less dense pubescence on the 
stem. 

Ampbitoma n. gen. 

Flowers '5-meroiis; hypanthium campanulate; sepals short, 
the exterior teeth subulate, much exceeding the sepals; petals 
broadiy elliptic, obtuse; stamens 10, all alike;.anthers oblong to 
obovate, 2-ceiled, introrse, opening by two broad, confluent, 
terminal pores, the connective prominently thickened below and 
'minutely saccate at the base 430 sterioriy;-filaments short, some¬ 
what 'flattened, the lower 'portion stout or turgid, the, upper" 
slender; ovary mostly inferior,: 3-locuiar, the .summit rounded; 
style straight, terete., subclavate; stigma truncate; fruit,baccate, 
the '.calyx persistent; seeds sm,GOth,''-obovoid., Woody .'plants 
with strongly flattened, two-edged'-stems (whence"the generic 
name), opposite leaves with flattened petioles,' and terminal, 
rounded,' "coiy-mbiform . panicles 'of pedicelled, orange-yellow 
' flowers. 


■ Ampbitoma flavescens, 11. sp. 
Friiticose; young stems sparsely 
■steilate-puberuient, soon gla'bres- 
cent, strongly , and persistently 
flattened, sharph-^ 2-wiiiged; leaf- 

■ blades thick anci firm, obIon,g-la,!iceo- 
late, 7™ii cm. long,. 12-30 mm. wide, 

, long-acumi'nate and,, somewhat fal¬ 
cate, minutely spinulose-denticulate, 
.cuneate .at . base into a strongly 
' flattened,; distally dilated petiole 
about.. I' cm. long, upper' surface' 
'.slightly bullate, minutely punctate, 

■ but essentially glabrous', lower, sur- 
^ .face yellowish green, thinly stellate- 

Fig. 4., .'Flower and' stamens tom'ent'ulose., especially.on the'Veins., 
;.X 5j kaf,natural size. ■ . ''Smen^ed, the Outer'pair arising; .fro.m' 
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the intermediate pair about 5 mm. above the base, A'einlets 1-1.5 
ram. apart, lightly impressed above, prominently elenmted and 
reticulate beneath; panicles terminal, soon appearing lateral by 
the growth of branches from the uppermost axils, the rliachis and 
branches flattened below, aiigulate above, thinly s tel late-piiberii- 
lent, the ultimate branches 3-5 mm. long, jointed at the middle; 
liypaiithium pale brown, 3.5 mm. long and wide, sparsely stellate- 
puberiilent; calyx prolonged 0.7 mm. above the staiiiinal torus; 
sepals ovate-triangular, 1.3 mm. long, broadly rounded, the free 
margin scarioiis; exterior teeth subulate, erect, 2 mm. long, 
exceeding the sepals by i mm.; petals glabrous, 4.5 mm. long, 
4 mm. wide, somewhat inrolled; filaments 2 mm. long, glabrous, 
the lower two-thirds stout, ovoid, 0.8 mm. wide at base, the 
upper third slender; anthers 1.7 mm. long; ovary glabrous, at 
the summit, radially lo-ribbed; style glabrous, 3-4 mm. long, 
gradually thickened upwards to.0.6 mm. in diameter; stigma 
truncate. Fig. 4. 

Type,-'KilUp,, 11,884, collected 'in forest at Gallera/' 
Micay Valley, Dept. El Cauca,; Colombia, alt. i800"-i900 m., 
29,'30 June 1922, and deposited in the herbarium of the 'New 
York Botanical Garden. A second sheet, Killip was' 

collected at the same place and altitude i July 1922, while the 
Kew herbarium contains two specimens by Lehma/nii, numbered 
7637 and 8247* In KiUip 7pjo, the panicles are fruiting and 
considerably enlarged, measuring 10 cm. long from the. lowest 
branch; the'leaves are as much as 14 by 3.5 cm., more, strongly 
bullate above,, and, as a corollary, more heavitytreticulate' 
beneath.■ 

,' It is a matter for regret t.hat -a new genus sliouki be described 
in, th'e tribe 'Micoiiieae,'Avhere generic, lines are, already rather 
weakly drawn,. But I have not been a.ble to assign this remark-' 
able plant' to .any'.established genus without a considerable 
extension of the geiieric^ b.oundaryx According .to ■ Cogniaux^s 
key, it stands near Heterotrichum, agreeing .with that particularly 
■in it's,"long exterior calyx-teeth, but.having, a ,3-locular■ ovary, 
'shorter'.stamens.,'and an entirely different.'habit. ..'Its'. s„taiiieiis 
.are distinctly'those of a'Ificowia, .altho.ugli they vary^in .shape 
even'in the same'flower,', from the oblong'Ones oi-Etimimnia 
to the 'obovate''on.es ■ .'Of Cremamum, ,'but ' the elongate.' exteri.or 
calyx-teeth are..quite unlike. Miconia. ' . . 

' , Miconia 'polita n. sp. ■'. Section''J'u'cunda,;.:fr'iit.icos'e','2 mvliigli, 
"strictly glabrous to 'the..,infiores.ce'nce'; ''stems ' brow.!!','"'’terete'Or' 
..nearly, so,' the 'Upper interno'des ■,flattened,■■'■ elongate;, .'petioles 
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siencier, 3"*3.5 cm. long; leaf-blades pale green, shining, rigid 
blit thin, laiice-eiliptic, 22-24 cm. long, 7-8 cm. wide, acuminate 
to a blunt tip, entire, remotely spinulose-ciiiate, .narrowed to 
ail acute base, 5-nerved, the veinlets conspicuous, 6-9 rn.ni. 
apart; peduncle terminal, glabrous, 3 cm. long; panicle pyramidal, 
9 cm. long, branches spreading, 2-4 at each node,' sparsedy 
giandiiiar-villous, especially at the nodes; pedicels 2-3 mm. 
long, glandular-villous; flowers 5-merous; hypanthium cyliiidric, 
5 mm. long, 2 mm. wide, obscurely lo-nerved, sparsely glandular- 
villous with spreading' hairs 0.6 mm. long; sepals spreading,' 
triangTilar-acuminate, 1.3 mm. long, 1.5 mni. wide at the base, 
acute, sparsely glandular-villous like the hypanthium; petals 
white, narrowly' obovate-oblong, 5 mm. long, 2.3 mm. wide, 
obtuse, glabrous, membranous, finely nerved; 'filaments filiform, 
glabrous, 3 or 5 mm. long; anthers subulate, strongly introrse- 
arciiate, 3.5 mm. long, opening by an .'oblique introrse pore, 
the anther-sacs prolong.ed 0.2-0.3 mm. and rounded at base; 
connective not prolonged, unappendaged, ' glabrous; ovary 
mostly free, glabrous, 3-locular, the summit broadly rounded, 
and retuse; style .straight, declined, 10 mm. long,, glabrous; 
stigma piinctiform. . 

Type; Gleason S3, collected in dense upland forest, Tumatii- 
mari, British Guiana, 18 June-8 July 1921, and' deposited in 
the herbarium of the- New.York 'Botamcal Garden. ■" .'The',.re¬ 
markably'shining surface of■ the leaves is. unique irL' thWBectiom 
Mr. N; E. Brown has,'noted on .the type.."sheet' ‘'This"is' id.entical, 
with' an, unnamed Micoyna in the,' British,.Museum'■ labelled" 
' Guiana'..Belgica,: Alex. AndersO'ii.^ ** 

M,lcoNiv,'G''UiANENSiS'(Aubi.) Cogn. ■ This is'probably,“the 
,commonest,'iiielastoraataceous 'tree, in British 'Guiana. It 
ce'Ftaiiily is the most' abundantly "represented in, ',he,rba,ria, 
.possibly because, of its conspicuous clusters'of white-bracted 
flowers.' Our , ample series of specimens shows a considerable 
.range of'.variation, among which three, deserve' special mention. 

. Here' the leaves are distinctly'obovate and, rounded above tO' a 
short cuspidate .tip. , They^ are La Cruz 2373 and, 2803 yfrom ' 
',',tli'e'upper Mazaruni River,.'and La Cruz 1716, from the "upper 
'.'RupunU'ni River., ' 

Miconia, MACROTis (Grise.b.) .C.o.gn. The section Adenodesma -. 
:!s',charaGterize'd''by glandular, connectives, at'the base of the an- ' 

■ '.thers.. This'species,'characterized'■'by"'huge leaves deeply auricu- 
'..'!ate-.cord.ate,',',a,t ',baseyis represented'in'our collections by a recent 
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specimen from Trinidad, E, G. Britton 2840, as well as by older 
•material by Kimtze and Broadway. It should be noted that 
the glandular nature of the connective is very obscure, and I 
have not been' able to observe it until after boiling and carefully 
isolating a stamen under a considerable magnification. On 
such treatment it is also seen that the base of the anther-sacs 
is considerably prolonged, a character foreign to most Miconias. 
The anthers are 5-"5.5 mm. long, and abruptly narrowed above 
the middle into a very slender apex. The petals are narrowly 
obovate and dense!}/ stellate-tomeiitose externally. 

The flowers are undoubtedly 6-merous, with a 4-iociilar 
ovary, although Cogniaux states that 5-merous flowers char¬ 
acterize the section. Cogniaux, in his monograph, doubtfully 
refers here also a specimen'from Ecuador,.'collected by Poort-' 
mann, wliicli Thave not seen, but which may well be the same 
as Hitchcock 21,^15. The. latter- agrees precisely' with the, Triiii-'' 
dad sheets in foliage and hypanthium, the stem is more closely 
veliitinoiis, the petals have the same shape, and the anther-sacs 
are similarly prolonged. But certain differences are as striking 
as these similarities, and have led me to distinguish it as a variety. 

Miconia macrotis canescens' n. var. Petals canescent 
externally with short, straight, simple hairs; anthers 8 mm. 
long, gTadually tapering from base to apex. 

T^^pe, Hitchcock 21,315, collected between Porto Velo and 
Ei Tambo, Prov. Oro, Ecuador, alt. 6oo~iooo m., 2 Sept. 1923, 
and deposited ,in' the herbarium of the New .York B.otanical 
.Geirden, , 

' ,The,re Is not only great habital similarity httw-teii.M.macrotis, 
'of the section Adenodesm-a, and MdBoisseriana Cogn.j-a Cuban.. 
specieS' of the seetion Ta.mmzw,. but'also . a strong resemblance 
in other more '.recondite points of'structure. ■, Both seem, to be 
derivatives of. the, wddely distributed M. m-acrophylla'XD* Don) 
''.Triana. ■ ■ 

',- ,Miconia plu'mosa ,n. sp. '-Small tree, 5^ m. tall;,stems,,stout, ' 
,'d'ensel,y , hispid-tomentose 'with recurved-spreading,.,'; slightly'' 
plumose, brown hairs'3-4,,mm. long and .straight, more'or'less" 
reilexed, densely-plumose ,hairs 2'mm." long; petioleS'''hispid'like," 
the stem, 5 mm.;'long;', leaves of,'each',, pair strongly:'''iinequal;,,'''' 
' the" blades thick and'firm, .obovate-oblong,,'entire,'"abruptly.'' 

' narrowed at the ,'apex to" a subulate'-triangular 'Cusp,, .'!, 'cm','long',""' 
.gradually tapering'be.low",',tp".''a .truncate, or ,roimde,d''base 
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mm. wide, upper surface dull green and glabrous, lower surface 
tbiiily stellate-pubescent and strongly reticulate, 3-pli-nerved, 
the niidvein closely stellate-tomentose for half or more of its 
length and also sparsely pilose with spreading simple hairs 2--3 
mill, long, the lateral veins arising 3-7 cm. above the base, 
glabrous, the veiiilets conspicuous, 5-8, mm. apart; panicle 
cylindrical, narrow, crowded, 2 dm. long, hispid like the stem, 
the lateral branches 2-5 mm. long, bearing 2-7 sessile, 5-meroiis 
flowers; bractiets linear-subulate, 5-‘8 mm. long; hypanthium 
urceolate-campaniilate, 5 mm. long, densely stellate-toiiientose; 
sepals broadly triangular, obtuse, i mm. long; ovary 3-locular, 
depressed at the summit; seeds obovoid-prismatic, truncate, i 
mm. long. 

Type, Gleason goi, collected on dry sandhills, east of Rock- 
stone,'British Guiana,'22-30 July 1921, and deposited in the 
herbarium of the New York Botanical Garden. It is a member of 
the section Adenodes 7 na and related to M, imnentosa (L. C« 
Rich.) D. Don, from which it differs in its strongly hispid stem, 
its hispid midveiii, its rounded. leaf-bases, and its more congested 
panicle. The specimen bears only the two uppermost 

leaves, measuring 22 b}^ 9''and 41 by 20 cm. 

Micoiiia imbricata n. sp. Arborescent; branches terete or 
nearly so, "densely' and .-coarsely ■ furfuraceous-tomentose with 
dark brown hairs; petioles s.to.ut, 6-10 mm. long, pubescent 
like .the stem; leaf-blades narrowdy oblong-obovate, .thick \aiid 
firm, 5-7 cm. .long,-2-3 cm. wide, obtuse or abruptly aubaciiniin-, 
ate to an obtuse .apex, narrowed-from above th.e middle to an 
obtuse base, iiiiiiutely spinulose-ciliate, 5-nerved, upper surface 
diii'i' 3'^ellowish-green, glabrous, somewhat rugose, with promi- 
neiitit’ i.mpressed- veins and veinlets, lower surface dull brown, 
'.pubescent, especialh' on the veins,'with .crooked or crisped, 
'black or brown hairs; panicles terminal, 3-5 cm. long, lax, few-- 
flO'We.red, pubescent like the steiii;'flowxn's-5-meroiis, on. pedicels 
.4-8 mm. long; hypanthium campanulate, 5 mm. long, 4 mm. in 
.diameter' at the summit, niinuteh^ and scabrously, pubescent,, 
.with a few lo.ng hairs at the top^; calyx prolonged i, mm. beyond 
the h'ypan'thium, somewdiat flaring; sepals round-ovate, 1.9 
mm.-long, 2.8 mm . wide, obtuse,* the freemargin glabrous', 
.memb,ra,nous, 'white, '.exterior teeth stoutly subulate, erect,,- 
sparsely short-hirsute, equaling the-sepals;.petals white, broadly " 
rotund, .9 mm.-wide,'7 mm., long,' strongly retuse, - glabrous, 
many-nerved, widely, overlapping;■■anthers (not fully/mature)- 
■lanceolate,'3.8 'm.m.."Iong, 1.2 mm. wide ..at base,' tapering to .the'', 
o.btiise'.apex, The' connective.slightly thickened. o,n the''back"■to-' 
ward, .'the'.., base, and'.... minutely - 2-saccate ;■' -filaments "about. -4', mm*,". 
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longj strongly flattened, glabrous; ovary 5~lociilar, tlie summit 
coiispiciioiisiy truncate-conic, 5-ribbed, glabrous; style 4 mm. 
long, straight, terete, glabrous; stigma truncate, not expanded, 
0,6 mm. in diameter. 

Type, Pennell 10,503, collected in mossy forest, Cerro Tatama, 
Dept. Caldas, Colombia, alt. 3200-3400 m., 8-10 Sept. 1922, 
and deposited in the herbarium of the New York Botanical 
Garden. It is a member of the section Octomeris, related to 
species 62-65 of Cogniaux’s monograph, but differing from 
them in man}’ features of size, shape, and pubescence. 

Miconia rupicola n. sp. Stems shrubby, obscurely 4-angled, 
minutely and sparsely stellate-furfuraceous above, glabrescent 
with age, sparsely setose in the axils; petioles slender, 8-18 mm. 
long, stellate-furfuraceous above, glabrate beneath; leaf-blades 
firm, obovate-obloiig, 8.5-'io.5'cm. long, 4-5.5 cm. wide, broadly 
obtuse or rounded above.to a minute, ovate, blunt apex, minutely 
and remotely denticulate, obtuse- at base, glabrous and densely 
punctate above, thinly furfuraceous .beneath, especially'On the 
veins, 5-nerved, the- outer pair obscure, veinlets inconspiciioiis 
and .reticulate; panicle 5. cm. long, .lax, few^.-flowered, steilate- 
-furfiiraceous; flowers 8-merous, sess-ile or on pedicels 1-3,mm. 
long; bud broadly fusiform, blunt, 8 mm. long, rupturing ir¬ 
regularly below the middle; hypanthiiim broadly campaniilate, 
minutely stellate; petals 8 mm. long, glabrous externally. 

Type, Killip 11,685, collected on exposed cliffs, Buenaventura., 
Dept. El Valle, Colombia, alt. o~io m., ,5-10 Oct. 1922, and 
deposited in the herbarium of the New York Botanical Garden. 
It '.differs from M. notabilis .Naud., the only other 8-meroiis 
species of the section Laceraria, in its furfuraceous pubescence,'' 
its... broader, ■ and blunter .leaves,, its . shorter pedicels, and its 
glabro'us-'petals. 

Miconia'Smithii Gogniaux, n.'.'sp,- , Arboresccmt, 6-10 m. 
.high; stems o'bscurely 4-angled and- minutely stellate.-fiirfiiraceous 
when }miing,' terete and .glabrescent with, a.gepetioles slender, 
20-25."mm, long, -thinly stellate-pubescent;' ..leaf-blades ■' siib- 
coriaceous, narrowly ovate-oblong, .8.-11 .cm. long, 3.5-4..5 cm. 
'wide, .abruptly '.short-acuminate.', to an - obtuse apex,., entire' or 
obscurely, ancl remotely undulate, rounded . at - base, ."'shining,' 
and'glabro.'us .above, 'or minutely puberulent'.'.along .the d.ower 
portion of' 'the' midvein,', minutely "stellate-pulverulent';,beneath, 

' .5-iierved;,panicle --B'-io. cm. long,.'stellate-pubescent, its 'brandies 
spreading,, simple, spiciform'; .flowers-^-merous, sessile,, ap'proxi-" 
-aiiate above,' be-comin,g'', 3-*6 mm'-.'-„'apart;', ,liypanthium"'-broadly" 
',,campanulate,'-2, mm. long, glabrous'';, sepals .,subsearious,'-.se'iiii- 
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circular, 0.5 mm. long, i mm. wide, glabrous, minutely erose 
on the margin; petals broadly ovate, obtuse, 2 mra. long, entire, 
glabrous; lilaments 2.3 mm. long, glabrous, the lower two-thirds' 
hat, 0.5 mm. wide, the upper one-third slender; anthers linear, 
1,7 mm.' long, glabrous, the connective thickened below and 
bearing an ascending posterior appendage 0.2 mm. long; ovary 
rounded at the summit, glabrous; style straight, 3 mm. long, 
glabrous, gradually thickened upward to a truncate stigma. 

Type, SniiiJi 1846, collected in open mountain forest, Sierra 
del Libaiio, ait. 6000 ft., Santa Marta, Columbia, 27 Feb. 1899, 
and deposited in the herbarium of the New York Botanical 
Garden. It is a member of the section Eumiconia^ subsection 
Diplostachyae, and stands according to the arrangement in 
Cogniaiix’s monograph, next to M, Mendoncaei Cogn., a Bra¬ 
zilian species''with large, thin, sharply acuminate, serrulate, 
ciliate leaves and furfuraceous calyx. 

Miconia panictilaris n. sp. Stems woody, prominently 
flattened and densely brown-velutinous wdth stellate hairs above, 
becoming terete and giabrate in age; petioles stout, flattened 
above, 10-15 mm. long, densely velutinous; leaf-blades dark 
green, membranous, obiong-obovate, 25 cm. long by 12 cm. 
wide at maturity, .abruptly and sharply acuminate, entire, 
narrowed from the middle' to the acute base, essentially glabrous 
above, minutely and very sparsely stellate-pulverulent'beneath 
on the surface,, more densely so along, the veins, 5-nerved,' the 
outer pair less prominent but extending to the apex, veinlets 
conspicuous, 7-9' mm. apart; panicle .broadly pyramidal,' 15 
cm. long and. wide,' .the rhachis. densely stellate-velutinous, the 
branches thinly so; pedicels 0.5. mm. long, thinly stellate- 
furfuraceous; flowers 5-merous; hypanthium cainpanulate- 
cylindric, 1.6 mm. long, minutely and sparsely stellate, especially 
at the base; sepals broadly depressed-triangular, 0.6 mm. long, 
puberulent, meiii'branoiis and rounded, at the apex, the exterior 
teeth conic, 0.2, mm. long; petals apparently white, narrowly'" 
obovate, 2.3 mm. long, a.i mm. wide, narrowed to the. base, 
rounded at the apex, glabrous; filaments flliform, glabrous, 2.7 
mni'.'long; anthers linear-oblong,'2.3 .mm, long, obtuse at the 
■apex, ■ truncate and niinutely b'lgibbous at .' base , posteriorly,' 
O'pening by a single, terminal pore, the connective not prolonged; 
sum.mit of ovary hemispheric, glabrous, with 10'.'rounded', ribs.;' 
styie stout, straight,'tei'ete, glabrous, 3.7 mm. long,.0.4 mm... in. 
diameter;,stigma"truncate,. '0.6 mm. in d'i.a'meter; .fruit globose',.,'3 
mm. in'di.ame'ter, 'nearly glabrous, the catyx-iimb'.persistent. 

■ 'Type,.'La' Cruz., 444s, collected''^at Kaieteiir.'Falls,'''..'''Po'tarO''' 
.River, '' B,'ritish''',.''Guiana, ,23 ’Oct-3;''N'ov. ,1'923,,''and deposited in 
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the herbarium of the New York Botanical Garden. Other 
collections are La Crus 44.34, from the type locality, La Cruz 
3qo8 and JP57, from the Wanama River, and La Crus 
from the Waini River, Northwest District, British Guiana. 
The description of the fruit Is taken from the last specimen. 
The species is a member of the section Eumiconia, and related 
to M, Beairlingii Triana, from which it differs in its broader and 
larger leaves, more abruptly acuminate, and with more prominent 
tertiary veins, less densely stellate hypanthium, longer sepals, 
and more densely pubescent inflorescence. One of the specimens 
was noted by the collector as a tree 20 ft. high. 

Miconia caucana n. sp. . Stem irregularly flexuous, freely 
branched, probably scandent, thinly stellate-tomentulose when 
young, glal3rescent with age; petioles slender, s-io mm. long, 
tonientulose like the stem; leaf-blades membranous, oblong- 
elliptic, varying to oblong-obovate or narrowly ovate, 5-7 cm. 
long, mm. wide, sharply acuminate, entire, acute or cimeate 
at base, upper surface dark green, sparsely pilose with subap^ 
pressed straight hairs about 0.6 mm. long, lower surface pale 
green, stellate-tomentulose on the veins, minutely stellate- 
pulverulent on the veinlets, 3-nerved; panicles numerous, termi¬ 
nating all the branches, 2-4 cm. long, lax, few-flowered,,the 
rhachis and branches stellate-tomentulose; flowers 5-merous, 
on pedicels 1-2 mm. long; hypanthium campanulate-cyllndric, 
faintly lo-ribbed, 2.2 mm. long, thinly stellate; sepals triangular, 
I mm.' long and wide, sharply acuminate, conspicuously reflexed, 
minutely pubescent, the exterior teeth conic-subulate, equaling 
the sepals; petals apparently yellow, oblong-obovate, 3.5 mm. 
long;; anthers linear,. 3.2 mm, long,-opening by a single terminal 
pore, the connective dilated at base anteriorly into two ovoid, 
introrse .appendages 0.2 -mm. long; fliaments filiform, glabrous, 
3.3 mm. long; ovary summit hemispheric, ;glabrous, minutely 
lo-ribbed ; style slender, somewhat declined, '6.3 - mm. ■ long,' 
.slightly.'thickened near the' ap-ex 'to', the truncate stigma.,'.', 

'.Type, :Holton pop, ■ collected at La -Paila,, Dept.. Eb CauGa,. 
■Colombia:,. 18 Apr. '1853, deposited',in" the"herbarkuiv o.f. 
Columbia University at the' New: York Botanical Garden: ".'It 
is a member .of'the, sectiQxi/EiimiconiaymhsectiQn 'Panwulafes'^' 
..although its foliage, resembles ■■'that of ,lf. amfifgwa (.BonpL.)-'DC. 
and-If. virescens (Vahl) ^Triana,',of ,.the snhsectioii.Ceriatiflprm. 
.Under ,the arrangement of '-Cogniaux's mo.nogr.aph,' it 'may,",be 
placed',"near'..'If. gmcEls Trmna md''JE''Lyperprasifm/Naud.^' 
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Miconia pulviiiata n. sp, Frutescent, 1.5 iii.Jiigh; stems 
obscurely■ 4-angied, setose at the nodes, otherwise glabrous; 
leaf-blades deep green, membranous,, oblong, 19-25 cm. long, 
6.5 w 9-5 cm. wide, acute or subacuminate, prominently crenate- 
serrate and dilate, acute or cuneate at base, glabrous above, 
sparsely' liirtellous beneath, especially on the veins, 5-iierved, 
the outer pair obscure, the intermediate palr^ near the margin, 
the \'"eiiiiets conspicuous beneath, strongly ascending; petioles 
stout, 5-7 mm. long, glabrous beneath, densely pilose above; 
panicle slender, pilose-tomentose at the iiodqs, the smaller 
branches more or less' pubescent; bracts minute, narrowly 
triangular, hirtellous: flowers 5-merous, sessile, seciind; hypan- 
thiiini glabrous; calyx truncate, the sepals reduced to minute 
teeth, persistent on the ■globose, blue fruit. 

.Type, Sfuith 1S41, collected in the mountain forest at Las 
Patidas, Santa Marta, Colombia, 25 Jan. 1899, and deposited 
ill the lierbarimii of the'New York Botanical Garden. Tlie 
character of the inflorescence, the setose nodes, the 5-iierved 
lea.ves, and the truncate calyx leave, no room for doubt as to 
its close relationship to ilf. raceinosa (i\ubl.) .DC., which is an 
Amazonian species extending, west into Venezuela. Our species 
differs conspicuously in its narrower leaves on very short, densely 
pilose 'petioles. " , ' . ■ 

Miconia virgulata n. sp. ' Stems slender, woody,'obtusely 
4-aiigied, the upper inteniodes. alternately glabrous and densely 
tomentose 01.1 the'four'sides, the tomentum deciduous on the 
lower iiiteriiodes, which remain - distinctly verrucose; petioles 
slender, 4-7 mm. long, glabrous beloiv, densely pilose-tomentose 
near the apex,' especially on the upper side; leaf-l.')lades firm, 
narrowly ■ lanceolate, 45-75 mm. long, 7-13 mii'i. wide, sub- 
acumi.iiate, p.romiiientiy pilose-ciliate, acute at base, da'rk green 
above, brownish-green beneath, glabrous.0.11 both'sides, 3 -i,ier'V"ed; 
■panicles'■3-4'cm. long, the rhachis pubescent'like the ste'.i'.Ti., 
the lateral branches short, spreading, nearly glabrous; l':')'ractletS' 
minute, ovate, fimbriate-ciliate; flowers sessile, secuiid, 5 -:nieroiiS'; 
hypanthium campaniilate, 2 mm.'lo.ng, glabrous; sepals mi.iurte, 
broadly rounded,.0.3'mm. long, glabrous; petals '.obloiig-obovate, 
1.5 'mm. long', truncate, ■glabrous; anthers thick,' obiong, '1.2 
mm, 'lo'iig, ■ opening by a single, terminal pore, the connect'iye 
not prolonged at .base; filaments slend'er, 1.4' mm.doiig*. ' 

Type, Jemnan 7441-, collected on the Curiebrong.JKiiribrong)' 
'River, 'British'Guiana, .Oct. 1898, and d.eposited. i.n tlie herbaiTUiii 
of the NeW" York'Bota-nical .Ga:rde.n.-'' ■Although distributed 'as ..'a 
Jenm'an, '.collecti.bn,'.the..iia'me.of'the actual collector is,;n'ot''k.iiow'!i.' 
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M. virgulata is another relative of M, ciliata and M, racemosa^ 
as shown by its secimd inflorescences its nearly truncate calyx, 
its pubescent petioles, and its strongly ciliate leaves. It is beauti¬ 
fully characterized by the two strips of tomentiiiTi on the stem, 
extending up from the base of each leaf, and is also distinct in 
general habit, because of its small, narrow leaves and short 
iiiternodes 5-10 mm. long. 

Miconia Killipil n. sp. Low tree, 3.6 m. tali; stems obtusely 
4~aiigled, shallowly 4-sulcate, and thinly furfuraceoiis-pulverulent 
above, becoming subterete and glabrate with age, thickened at 
the nodes; petioles slender above a conic base, I3™i7 mm. long, 
piiiveruient like the stem; leaf-blades thin but firm, ovate-oblong, 
8-11.5 cm. long, 4-5.5 cm. wide, .short-acuminate to a broad, 
obtuse tip, entire,'broadly roundecrbelow to a truncate base, 
glabrous, s-pli-nervedp the outer pair obscure, the intermediate 
pair arising 2-3 mm. from the base;'veins lightly impressed 
aboA'e,'' prominently elevated 'beneath, veinlets about 6 mm.' 
apart, obscure above, prominulous beneath; panicle 13 cm. long*, 
sparsely branched, widely spreading, furfuraceous-piilveriilent 
like tiie stem, the rliachis 4-sulcate, the smaller branches nearly 
or quite terete,; bracts none or caducous; pedicels 2-3 mni. long; 
flowe.rs 5-meroiis; hypanthium broadly campaiuilate,. 2.5 mm. 
long, 3.5 mm. wide, thinly pulverulent; sepals thick and heavy, 
broadly triangular, 0.9 mm. long, nearly 2 mm. wide, obtuse, 
exterior teeth none; petals pink-blue, short-ovate from a broadly 
truncate base, 3.3 mm. long, 4 mm. wide, glabrous within, 
minutely pulverulent without; anthers .thick, b.roadly ovate, 
2.4. mm. long, i,.3 mm. wide, rounded at the apex, the anther- 
sacs. 1.7, mm. long, opening by a single minute terminal pore, 
GonnectiA^e thickenec! on the back and strongly thickened'below 
the 'antlier-sacs;dilaments'stout,, flattened,'2-2.3 mm. long, '1.2 
mm. wide at base, the distal 'half (and the base of the con'necti\*e) 
densely glandular; ovary truncate at t,he summit; style 4111111.: 
long, thickened upward from 0.6 mm. in diametermt'the base^to,, 
i.o mm. at the summit;stigma peltate,:flat, 2.1 iiim. in, diaiiieter. 
Fig. 3 (see page 375),. 

; Typej Killip 11,41^; collected along open traii,,at .La 'Ciimbre," 
Dept. Ei'Valle, Colombia, alt. 160,0-1800 19,' Sept.' 1922,, 

and deposited in the', herbarium' of the. New,'York .Botanical 
'Garden.,' The'plant is,a-member of the section '..4 
■a'lid. of the general affinity--of -IT'gfa//747/^ofa,'Gogn.;,''.'M. inajaUs 
Cogii., Ki\d' M\:florihimda (Bonp!.)',DC,It'differs from'these' 
ill the size of the flower, the,size,'shape,." and pubesC'eiice of .the' 
'.'foli'age,' and,above all i'n' its,TemarkabIe. ova,te .'anthers.,I ..have. 
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not been able to compare it with two other species of the group, 
M. nmcraniha Triana and M. 4 amprarrhena Triana, neither of 
which was seen Cogniaiix. Of these,, the former is described 
with much larger flowers, and the latter agrees with onr plant in 
only a single point of description, the puberulent petals. 

Miconia scutata n. sp. Stems wood^L essentially terete and 
glabrous below the inflorescence; petioles stout, glabrous, 6--10 
mill, long, expanded at base into a spreading, corl^- or cartilagi¬ 
nous, horseshoe-shaped appendage 1-2 mm. wide; leaf-blades 
oblong, thick and firm, 15-23 cm. long, 5.5-7 cm. wide, obtuse 
or subacute at the apex, minutely and remotely denticulate, 
cimeate to the base, dull green and glabrous above, very minutely 
and sparsely rufescent-punctate beneath, especially along, the 
veins, 5-nen"ed, the outer pair obscure and submarginal; panicles 
widely spreading, freely branched, the rhacliis and branches 
sharply angled, minutely furfuraceous-punctate; pecHce.!s less 
than I mm, long; flowers 5-merous; hypanthium subcyliiidric, 
2.5 mm. .long, obscurely punctuiate; sepals membranous, oblong- 
obovate, 0.6-0.8 mm. long, truncate or obtuse, the exterior 
teeth fiat, appressed, triangular, 0.5 mm. long; petals,obovate 
fro,m'a narrow base, 2.3 mm. long, broadly rounded at the apex; 
anthe,r3 ,oblong, blunt, thick, 2.3 mm. long, 0.8 mm. .wide, 
opening by a terminal pore 0.3 mm. wide, slightly attenuate at 
base, the' anther sacs minutely prolonged anteriorly and the 
connective posteriorly (about o.i mm.); filaments slender, 
slightly flattened, 3.3 mm. long, glabrous,.attenuate in the upper' 
third,,; ovary-summit conic, glabrous, with 10 radial ribs pro¬ 
longed around the style into erect, linear appendages 0.3-0.4 
mm. long; style slender, 6 mm. long, glabrous, minutely thickened 
upward; stigma capitate, 0.8 mni; in diameter. 

Type, Hitchcock 21,868, collected in the valley of the Pastaza 
River, between Banos and Cashurco, 8 hours east of Banos, Prov, 
Tiingurahiia, Ecuador, alt. 1300-1800 m., 25 Sept, 1923, and 
deposited in the herbarium of the^New York Botanical Garden. 
It is related to If. stipularis Naud. and Jf. amulata Triana, 
of the section Amhlyarrkena, and is distinguished from them by 
the dilated petiole, the ■ shape of the leaf,.'and the prolonged' 
ridges,on the ovary.-■ 



Chamber with thermostatic control and rotating table 

for plant cultures 

Sam F. Trelease 

In attempting to work out plans which will allow certain 
problems of the salt relations of plants to be attacked in their 
simplest form, attention has been directed to the initial behavior 
of germiiiating seedsd Satisfactory duplication of the experi¬ 
mental conditions in successive series of tests appears less difficult 
to secure in experiments with very young seedlings than in those 
with plants in later phases of growth. The whole question of 
photic environment may be avoided, since such tests can be 
carried on in darkness, and the temperature conditions to which 
the plants are subjected may be more easily controlled. Although 
consistent results have been obtained in repetitions of these 
experiments without artificial control of temperature, never¬ 
theless it has seemed desirable to employ controlled temperatures 
ill order to have greater certainty in the effective duplication 
of the influential experimental conditions as well as to test the 
effects'of temperature'differences. A study has therefore been 
made of means of controlling temperature, and this paper 
describes the culture chamber at present in use. The chamber 
automatically maintains any desired temperature between 

and 35° C., with a range of variation not exceeding ± 0.5° C. 
It is of simple construction, resembling an ordinary refrigerator, 
and is equipped with a rotating table and a thermostat composed 
of standard commercial appliances that are easily assembled. 
iVlthougli essentialb^’' the same devices are probably in use in 
many laboratories, descriptions of them are not readily available 
in the literature. A description of the apparatus may therefore 
be of interest to workers having similar needs, in physiology, 
pathology, or bacteriology. 

The lo'Wer diagram of figure i is a longitudinal section of 
the ■ chamber. The outside dimensions are 57 inches wide, 34 
inches deep (to go through an ordinary door), and 40 inches 
high. The walls are insulated with 7/8-inch spruce, two layers 

^ Trelease, Sam F., and Helen M. Trelease. Growth of wheat roots in 
salt solutions containing essential ions. Bot. Gaz. 80 : 74~-83. /. i, 2 . 1925. 
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of water-proof paper, 2 inches of sheet cork, two layers of water¬ 
proof paper, and 7/8-inch oak, the last on the outside. The 
chamber has 6-inch metal legs, and is raised from the floor by 
a wooden stand 24 inches high. 



Fig. I. Culture chamber for maintaining any desired temperature 
between 10° and 35° C. „ 

Upper diagram: Wiring connections for heating units (a), magnetic 
switch (b), magnetic relay (c), and thermo-regulator (d). 

Lower diagram: Longitudinal section of chamber, showing reducing 
gear (A), thermo-regulator (B), rotating table (C), shaft (D), motor-cycle 
hub (E), pulley (F), heating units (G), baffle boards (H), clampers (I), 
ice rack (J), and drain (K). 

The culture'compartment (at.the left) is 24)':4 inches,wide, 
26>^ inches,deep,. and"32>^ inches .high; and the ice compart- 
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merit (at the right) is I7}'i inches wide, 26^12 inches deep, and 
32^2 inches high. The compartments are separated by two 
I-inch baffle boards (H) of spruce, 4 inches apart, extending 
to within 4 inches of the top and to within 5 inches of the bottom 
of the chamber. A i-inch partition separates the floor of the 
ice compartment from that of the rest of the chamber. Dampers 
(I) that may be operated from the outside of the box serve 
to regulate the size of the openings above and below the right- 
hand baffle board, and thus control luughly the circulation of 
cool air from the ice chamber. galvanized-iron rack (J) 
supports ice, when needed, and a drain (K) is provided in the 
floor. 

The culture compartment has a door (24 inches wide and 30 
inches high) fitted with three glass plates separated by air layers, 
permitting inspection of the cultures. A removable curtain of 
black cloth hangs in front of the door on the outside. Access 
to the ice compartment is had through another door (15 inches 
wide and 23 inches high). The entire interior of the ice compart¬ 
ment, the baffle boards, the dampers, and the floor of the cultui'e 
compartment are covered with galvanized iron. Heavily in¬ 
sulated electric wires lead through two >"4-inch metal tubes in the 
floor. 

In many kinds of biological experimentation it is essential 
that all comparable cultures be exposed to practically the same 
temperature conditions, even though fluctuations in temperature 
are permissible. Such uniformity of exposure is readily obtained 
by means of the rotating table introduced by Livingstoiri and 
Shive.® It is a pleasure to express indebtedness to Dr. B. E. 
Livingston, of the Johns Hopkins University, for valuable 
suggestions regarding the construction of the rotating table here 
used. The circular table (C) shown in the diagram is 23 inches 
in diameter and composed of two layers of white pine 

with grain crossed to hinder warping. A circular steel plate (% 
inch thick and 12 inches iii diameter) is fastened by four bolts to 
the bottom of the table. To facilitate air circulation, the mar¬ 
ginal part of the table, for a distance of inches in from the 

2 Livingston, B. E. A rotating table for standardizing porous cup atinoin- 
eters. Plant .World 15 : 157-162. /. j, 2. ■'1912. 

® Shive, J. W. A study of physiological balance in nutrient media. Phy¬ 
siol, Res. 1: 327-397. /. 1-14. ■ 1915. ■■ ■■ 
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edge, is perforated by many >^-inch holes. Also, six rectangular 
pieces of sheet'' tin, ’’ attached to the bottom of the table, tend to 
stir the air gently and direct currents upward as the table rotates. 
The table contains a hole at the center and is supported on a 
threaded steel shaft (D) by means of flanged lock-nuts (2>4 
inches in diameter) with washers (4 inches in diameter). The 
upper part of the shaft (D) is a solid steel rod (^4 inch in diam¬ 
eter) slightly tapered and driven into the hollow cylindrical axle¬ 
bushing of a Harley-Davidson motor cycle front wheel; the 
middle part of the shaft is the axle-bushing itself, which is 
threaded and bears cones turning on ball bearings; and the lower 
part of the shaft is a solid rod driven into the lower end of the 
axle-bushing. The front-wheel hub (E) is fastened to a circular 
steel plate (similar to that bolted to the table) by machine screws 
passing through the spoke holes. The steel plate, with a heavy 
rubber gasket, is held in place by four bolts. The lower end of 
the shaft passes through the floor of the box and bears a wooden 
pulley (F), 14 inches in diameter, held in place by lock-nuts 
with washers. The pulley is connected by a F4-inch round belt 
to a “plant rotator” reducing gear (A), supplied by the Eberbach 
and Son Company of Ann Arbor, Michigan. The gear is turned 
by a K -horse-povrer motor (making 1160 rotations a minute). 
When geared in this way, the table makes a rotation once in 
40 seconds. Motor and gear are supported on a stand by them¬ 
selves, so that their vibrations are not transmitted to the rest 
of the appaVatus. 

The temperature near the level of the rotating table is 
automatically maintained by heat supplied by electric heating 
units (G) controlled by a thermo-regulator (B) that actuates a 
relay and switch (located outside the chamber) ■which open and 
close the electric circuit through the heating units. A wiring 
diagram of the thermostat is shown in the upper part of figure i. 
The lines supply direct current, no volts. A bimetallic thermo- 
regulator (d) controls heating units (a) through a magnetic relay 
(c) and a magnetic switch (b).^ The arrangement is such that 
when the temperature falls below that for which the thermo- 

^ The thermo-regulator and relay (kindly suggested to the writer by 
Dr. G. L. Peltier, of the University of Nebraska) are supplied by the Johnson 
Service Co,, of Milwaukee, Wis.rand the magnetic switch is, made by the 
Cutier-Hamnier Mfg. Co,, of. Milwaukee,, and designated as 110. , 193. ' 
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regulator is set, the tongue makes contact at the left and closes 
the circuit through the thermo-regulator and the electro-magnet 
of the relay; the relay responds so as to close the circuit through 
the electro-magnet of the switch, which in turn closes the circuit 
through the heating units. As the temperature rises, the tongue 
of the thermo-regulator moves away from the contact at the 
left; and when contact is made at the right, the relay opens the 
circuit through the electro-magnet of the switch, and a powerful 
spring breaks the circuit through the heaters. Although the 
heaters actually carry only about 2 amperes, this thermostat 
is rated as capable of controlling a current of 50 amperes. 

The heating units are similar to those described by Peltier 
and Goss.® Two are connected in series, a pilot light indicating 
when current is flowing through them. Each has 19 feet of no, 
24 nichrome wire® wound on a strip of transite (hard asbestos- 
board) I inch wide, 17)4 inches long, and }i inch thick. This 
strip is bolted to the lower side of a rectangular piece of transite 
(7 inches wide and 17 }4 inches long, and perforated by many 
f|6-inch holes drilled about ^4 inch apart), the strip being sepa¬ 
rated inch from the larger piece by means of a small square 
of transite placed at each end. An iron bolt with two nuts 
holds the three pieces of transite together at each end of the 
heating unit and also serves as a binding post for wiring connec¬ 
tions. The heating unit stands on four porcelain insulators 
bolted to the transite. The two heating units, connected in 
series, carry about 1.82 amperes and use 200 watts (on no 
volts), their resistance being 60.4 ohms. The heating power can, 
of course, be increased by shortening the heating coils, or 
decreased by lengthening the coils or using a rheostat outside 
the chamber.^ As Clark® points out, for very accurate tempera¬ 
ture control, the heating power of the coils should be adjusted 
so that the time during w^hich the regulator leaves the heat on, is 
about as long as the time during w^hich the regulator leaves the 

® Peltier, G. L., and R. W. Goss. Control equipment for the study of 
the relation of environment to disease. Coll Agric. Univ. Nebraska Agric. 
Exp. Sta. Bull. 28 : 1--16. 1924. 

® Nichrome wire is made by the Driver-Harris Go., of Harrison, N. J. 

^The heat supplied is proportional to the wattage (amperes X volts, 
or volts^ ohms, or amperes^ X ohms), 

® Clark, W. M, The determination of hydrogen ions. 2nd ed.; Balti¬ 
more. ■■ ' 1922., 
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heat off; or so that the heating rate is about equal to the cooling 
rate. This insures a regular oscillation about the mean tempera¬ 
ture. 

The thermostat is easily set for any temperature^ between 
10° C. and 35° C. For a low temperature (below the maximum 
temperature of the surrounding air), ice is kept in the right- 
hand compartment and the dampers are adjusted to regulate 
the circulation of cool air. A temperature considerably lower 
than probably may be obtained by the use of a fi*eezing 
mixture of ice and salt, conveniently contained In a galvanized 
iron tank. For a high temperature, no ice, of course, is needed. 
After initial adjustment of the thermostat, which may require 
about one hour, the apparatus operates continuously with 
little attention, aside from the addition of ice when a low temp¬ 
erature is employed. 

Without the use of a fan for rapidly stirring the air, it is of 
course impossible to secure a uniform distribution of tempera¬ 
ture throughout the chamber. Nevertheless, the range of 
fluctuations in temperature near the level of the rotating table 
does not exceed =b 0,5° C., and by rotating the cultures near 
the edge of the circular table all of the cultures are subjected 
to nearly the same fluctuations. Greater accuracy of control 
may, of course, be secured by using a more sensitive thermostat, 
and a more even distribution of temperature throughout the 
chamber may be obtained by stirring the air by means of a motor- 
driven fan. 

In conclusion, mention should be made of a fact which has 
doubtless been I'ecognized by many workers, but which is not 
specially emphasized in the biological literature: namely, that 
a chamber which gives very accurate results for one portion of 
the temperature range may give inaccurate results for another 
portion of the range, although the temperature variation is 
the same in both cases. This may be illustrated by means of 
data from Livingston's^ smoothed growth-temperature graph 
based upon Lehenbauer’s^'^ careful studies of maize. If one 


® Livingston, B. E. Physiological temperature indices for the study of 
plant growth in relation to climatic conditions. Physiol. Res. 1: 399-420. 
y. j-4. 1916., 

Lehenbauer, P. A. Growth of maize seedlings in relation to tempera¬ 
ture,' Physiol Res, 1; 247-288. /. jr-4, .1914. 
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culture were exposed to a mean temperature of 31° C. and if 
another culture in the same chamber were exposed to a mean 
temperature of 32° C., the corresponding difference in growth 
rate would amount to only 0.3 per cent—a negligible error in 
most studies. But if one culture were exposed to 14° C. and 
another to 15° C., the difference in growth rate would amount 
to 20.3 per cent—an enormous error. From cases of this sort 
it is obvious that the error permissible in temperature control 
depends not only upon the process studied but also upon the 
sensitiveness of the process at various portions of the tempera- 
ture range. 

Certain studies on physiological balance in culture solutionsj 
now practical!}^ completed with the use of the above described 
apparatus, are to be reported in a future paper. 
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Stevens, M, E. Eunice Rockwood Oberly, 1878-1921. Phyto¬ 
pathology 15 : 61-64. pi. 2. ‘‘F’' 1925. 

Born 7 Mr 1878. Died 5 N 1921. 

Stevens, H, E. Field observ^ations on false blossom of the 
cultivated cranberry^ Phytopathology^ 15 : 85-91. ‘‘F” 

1925. 

Stevens, N, E. First award of the Eunice Rockwood Oberly 
memorial prize. Phytopathology 15 : 65-66. ‘^F’^ 1925. 

To Mr, Mslk Meisel for v. i of his Bibliography of American Natural 
History, 1769-1865. 

Stevens, N. E. Notes on blueberry and cranberry diseases. 
Proc. Am. Cranberry^ Grow. Assoc. 55 : 7, 10. 1925. 

Stewart, G, Forest types of the northern swamps. Jour. For. 
23 : 160-172. F 1925. (lilust.) 

Stout, A. B. Avocado studies—^pollination and setting of fruit. 
Florida Growu 31 : 6-7. 24 Ja 1925, 

Stout, A. B. Self-incompatibility in wild species of apples. 
Jour. N. Y. Bot. Gard. 26 : 25-31./. 1-4. F 1925. 

Stover, W. G. Augustine Dawson Selby, 1859-1924. Phyto¬ 
pathology 15 : i-io. pL I. '‘Ja’' 17 F 1925. 

Born 2 S 1859. Died 7 My 1924. 

Tilford, P.,''Abel, C. F., & Hibbard, R. P. An injurious factor 
affecting the seeds of Pliasechis vulgaris soaked in water. 
■' Papers" Mich. Acad. Sci., 4 : 345-356./, (S. F 1925. 

Trelease, S. F.,' & Yule, E. S. Preparation 'of' scientific and 
technical papers. 1-113. Baltimore, 1925. 

Verret, J. A., Kulsunai, IT. K. D.,. Conant,'R., ,& 'Smitbj 'T. ■ 'A 
method of handling cane tassels for breeding work. Hawai¬ 
ian PL Rec. 29 : 84-94. Ja 1925. (Illust.) 
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Walker j J. C» Studies on disease resistance in the onion. Proc. 
Nat. Acad. Sci. 11: 183-189./. i. 15 Mr 1925. 

Warreiig P. A. Genetic studies in Lycopersicunt. i. The 
heredity of fruit shape in the garden tomato. Papers 
Mich. Acad. Sd. 4 : 357 “ 394 * F 1925. 

Wehmeyerj L. E. The perfect stage of the Valsaceae in culture 
and the hypothesis of sexual strains in this group. Papers 
Mich. Acad. Sci. 4: 395-412. pL ig. F 1925. 

Wherrjj E. T« The story of the box huckleberry. Nat. Mag. 5: 
238-240. Ap 1925. (lilust.) 

WiliiaiaSj R, S. Orthorrhynchium chilense sp. nov. Bryologist 
27: 87-88,/. J-p. ‘‘N 1924” 15 Ja 1925. 

WiiiiamSj R. S. Fsetidoleskea Baileyi Best & Grout. Bryolo¬ 
gist 27: 92. pL 13. 1924’^ 15 Ja 1925. 

Wimmerj F. E. Lobelioideae. II (continuatio diagnos. original.). 
Report. Spec. Nov. Regn. Veg. 19: 385-392. 30 Ap 1924. 
Including descriptions of new species from Mexico and South America. 

Wilsons E. H. The Carolina hemlock. Horticulture n. s. 3: 
115. 15 Mr 1925. (Illust.) 

WIIsoHj E* H. The cherries of Japan. House & Gard. 47: 92- 
93, 114, 116, 122. Mr 1925. (Illust.) 

Wilson, E. H. Flardy azaleas. Country Life 57: 339-"~34o; 
444-445. 7 -21 Mr 1925. (Illust.) 

Wolf, F. A. Bacteria! pustule of soybean. Jour. Agr. Res/,29: 
57-68./. 1-4+ ^- 3 - 15 J1 1924- 

Woodcock, E. ,F, Obsen^ations on the morphology of the seed 
in'Phytolacca. Papers Mich. Acad. Sci., 4:'413-418. pk 
20~2i.., F 1925. 

Wunder, B. Experiencias;cuitu.rales con distintos trigos efectua- 
, das/en el campo de ensayos de la seccion gendtica. . Bob 
Soc. Nac. Agr. Chile 56: 65-70. F 1925. , (Illust.) . 

Yoder, P, A* ; Hot-water treatment of dormant and ■ sprouted 
, 'seed' corn. ' 'U. S. Dept. Agr. Circ. 337; 1-4. F 1925. 
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RADULA Dumortier, Comm. Bot. 112. 1822 

Martinelliiis S. F. Gray, Nat. Arr. Brit. PI. 1: 690. 1821.^ 

Stephanina 0 . Kuntze, Rev. Gen. PL 839. 1891. 

Plants green, frequently tinged with brown or yellow: in 
northern species stems one to several centimeters in length, in 
tropical species up to one foot in length, prostrate or pendulous 
and frequentl^^ forming depressed mats on rocks, bark, and in, a 
few species on living leaves, more or less loosely and irregularly 
pinnately and bipinnately branched, in a few species sometimes 
dichotomous by siibfloral innovations, the branches infrafoliar 
in origin: leaves alternate, more or less imbricate, condiiplicate- 
bilobed; the lobes almost always entire, the ventral lobe smaller, 
often inflated near the keel, the free margi,n usually appressed 
to the dorsal . lobe: underleaves entirely w>anting: rhizoids 
usually . present ■ and . always arising from the mammilliform 
swelling of the'ventral lobe: leaf cells usually uniformly thin- 
walled, occasionally with ma,rked- trigones: .species mostly di- 
oicoiis, a fewAnonoicous: the male 'inflorescence, in dioicous 
species, often amentiform,' terminal on the; stem or a, main 
branch .but often, proliferating, more rarely'intercalary,; in 
monoicoiis species similar or situated directly'below, the feniale 
inflorescence; male bracts''densely im,bricate, in two to thirty- 
five pairs, subeqiially lobed, much inflated at the'base; antheridia 
single, "more rarely in two’s or three’s: female, inflorescence 

* Contribution from the Osborn Botanical Laboratory. 

1 Reasons for using the 'generic, 'name Radula insteael of 'are 
presented by M. A. Howe ,(Mem. Torrey Club 7 : 157, ,',,"1899,) and ',by A,'W, 
Evans (Trans. Conn.'Acad, 8;.'265. .1892)."'','','',' 

[The Bulletin for October (52:355-408) was'issued 2O' November 1925.]; 

■ "409 .■ ^ . ■ 
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borne usually on the stem or a main branch, and in most species 
subtended by one or two subfloral innovations; female bracts 
a single pair, iisualiy somewhat smaller than the stem leaves; 
the ventral lobe proportionately smaller and always without 
rhizoids; archegonia several: perianth in most cases strongly 
compressed dorsiventrally toward the free end, usually terete 
toward the base, usually not at all carinate or plicate, the mouth 
broad, more or less bilabiate, the truncate lips entire, or repand- 
crenate: cal^'ptra narrowly obovoid or elongate pyriform, rather 
firm and siibopaque, the walls composed of two to three layers 
of ceils: capsule oval-cylindrical, two to four times as long as 
broad, foiir-valved to the base, the valves bistratose; radial 
walls of the outer layer of cells with moniliform or nodular 
thickenings, radial walls of the inner layer less heavily and more 
uniformly thickened, delicate transverse striae present on the 
inner tangential walls in some species: seta stout, usually not 
much exceeding the perianth at maturity: spores globose, 
minutely granulate-papillate or subechinate: elaters long and 
slender, obtuse, and usually bispiral: vegetative propagation by 
means of discoid gemmae or caducous leaves. 

Key to species 

a. Plants of tropical, temperate or northern distribution, 
growing on bark or rocks; monoicous or dioicoiis; 
discoid gemmae, when present, small. 

b. Plants not producing gemmae; with or without • 
rhizoids. 

c. Leaves exhibiting no tendency to shed the dorsal 
lobe; plants dioicous. 

d. Dorsal lobe strongly falcate; pronounced tri¬ 
gones usually present in the leaf cells; plants 
usually tinged with brown. i, R. ienax 

d. Dorsal lobe not at all or only veiy slightly 
falcate; trigones absent or minute; plants 
usually not tinged with brown. 

e. Leaves ascending; dorsal lobe spoon-shaped; 
male inflorescence a long, slender ament; 
rhizoids present, gemmae absent. 2. R. Bolanderi 

e» Leaves wide spreading; plants of plumose 
habit; rhizoids entirely lacking. ^ 3. R. polyclada 

i\ Leaves exhibiting a marked tendency to shed 
the dorsal lobe. 

d. Leaves strongly falcate; dioicous, 
e. Base of lobule fused to the stem almost its 
entire length by a straight line; dorsal lobe 
not extending beyond the stem; male in¬ 
florescence intercalary or, if apparently ter¬ 
minal, with a .slight proliferation at the tip. ' R. Sullivantii^ 
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e. Base of lobule free one-third to one-half its 
length, the free portion auriciilate and arching 
over on the stem; dorsal lobe extending across 
the stern and usually beyond; male iiiilores- 
cence amentiform, terminal on the stem or a 
branch but proliferating slightly at the tip; 
more rarely intercalary, 
d. Leaves only slightly falcate; heteroicous. 

Base of lobule free half its length, the free portion 
not auriciilate; dorsal lobe extending across the 
stem but not beyond. 

b. Plants producing gemmae; rhizoids present. 

c. Lobule blunt pointed often with slightly pro¬ 
longed blunt tip, free basal portion slightly 
auriciilate, extending half-way across the stem—■ 
rarely more. 

d. Perianth not split on one side; female flowers 
terminal with one or two subfloral innova¬ 
tions. 

e. Plants paroicous; sexual structures almost 
invariably present even when gemmae are 
abundant. 

e. Plants dioicous; sexual structures rare; es¬ 
pecially when gemmae are abundant. 
d. Perianth split on one side half its length; 
female flowers usually pseudolateral by the ex¬ 
tension of a single innovation; gemmae rare. 
c. Lobule usually broadly rounded at the apex; free 
basal portion markedly auriciilate and extending 
across and beyond the stem; plants always sterile 
and with abundant discoid gemmae. 
a. Plants of tropical and subtropical regions, growing 
only on living leaves of trees, shrubs, and herbs; di¬ 
oicous; vegetative reproduction by means of large, 
circular, discoid gemmae. 


5. R. australis 


6. R. obconica 


7. R. complanata 

8. R, caloosiensis 

9. R. Langloisii 


10. R, andicola 


11. R, Jlaccida 


I. Radula tenax Lindberg,'Acta Soc. Sci. Feiin, 10; 492. 

1875 

Radula pallens Sulliv. Musci Alleg. r6j. i 846» Not R, palkns 
(Sw.) Dum. 

Plants dull green usually with a bronze cast: stems x-6 cm. 
in length and 0.2 mm. in width, pinnately and in most cases bi* 
pinnately branched, the branches wide-spreading and arising at 
frequent intervals along the stem, separated by two to six leaves: 
stem leaves not overlapping on the older portions of the plant, 
subimbricate toward the growing tip, spreading from the stem 
at an angle of 80°, somewhat falcate, the keel straight or more 
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rarely slig'htly incurved or faintly arched; dorsal lobe 1.4 X 
0.65 mm., ovate, somewhat convex, the margin entire, apex 
rounded, the base free two-thirds its length, aiiriciilate, arching 
across the stem, the line of attachment oldique on the axis; 
ventral lobe 0.15 X o.i mm., quadrate, the apex somewhat 
obtusely angled, the base rounded, definitely aiiriculate, and 
extending from one-fourth to the entire ' distance across the 
stem; rhizoids infrequent, in most cases completely lacking: 
leaf cells with usually well defined trigones with straight or 
slightly bulging sides; cells of the leaf margin 18 X 15 
dian cells 23 X 184; basal cells 23 X 18 p.: leaves of the branches 
of the first order smaller, usually subimbricate, not at all falcate 
and obliquely spreading from the axis at an angle of 
the keel never straight or incurved but always slightly arched; 
dorsal lobe 0.4 X 0.3 mm., ovate, the apex rounded; ventral 
lobe 0.23 X 0.15 mm., subquadrate, frequently with rhizoids: 
dioicous: male inflorescence intercalary on a branch, less fre¬ 
quently terminal, of two to nine pairs of bracts, the bracts closely 
imbricate, much inflated at the base, the keel strongly arched; 
the dorsal lobe 0.6 X 0.4 mm., usually erect, rounded at the tip 
and the base arching across and some distance beyond the axis; 
the ventral lobe .0.4 X 0.3 mm., bluntly angled at the tip, its 
base partially free, auriculate, and arching nearly across the 
axis: female inflorescence terminal on the stem or a leading 
branch, usually with a single innovation, more rarely innovating 
on both sides, one innovation not developing beyond a bud, the 
other continuing the growth of the stem and pushing the female 
flower into a lateral position; female bracts wide spreading, iisii- 
ally becoming widely separated and often freely exposing the 
archegonia; dorsal lobe i X 0.6 mm., narrowly ovate; ventral 
lobe 0.4 X 0.4 mm., subquadrate, the base rounded into a 
pronounced auricle; perianth unknown. 

' Type locality: ad truncos emortiios in Marylandia et 
Carolina Superiore. 

Habitat and distribution: in depressed, dense mats .on 
moist rocks,. less freciuently on trunks of trees, in. moiintaiiious 
.and hilly regions.; throughout New England and southward to 
/North Carolina. . . 

Illustrations: Lorenz, A., Bryologist 11: pL 2. 1908. 

Maine: Greenville,'1911, Evans (Rhodora 14 : 17. 1912).— 

;,New Hampshire: Shelburne, 1883, Farlow; near Coosauk.Falls, 
.Mt, Madison, C.rystal Cascade, White Mts.,'Underwood 

: & Cook, Hep. Amer. 52; Franconia Notch, Evans et a./.;' the Pool, 
Franconia,' Far/oK-v Waterville, A. Lorenz 75, Ver». 

■MONT':' Granville Notch, 1916, '(Lorenz, A.,,Bull. 'Vt. 
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Bot. & Bird Club 3 : 8. 1917); Birch Hill, Brandon, Dutton 

^ 375 j C? 77 *— Massachusetts : Chebocco Lake, Manchester, 
1903, Farhnu; Slieflieid., A . Lorenz .— Connecticut : Beacon 
Falls, 1S90, Evans; Branford, Salisbury and Redding, Evans; 
Salisbury, A. Lorenz 26g, Nichols (distributed in Haynes, Anier. 
Hep. 8 g) ; Redding, C. C. Haynes 8g6. Most of these localities 
are recorded by Evans and Nichols, Bull. Conn. GeoL & Nat. 



Fig., I. Radula tenax '.Lindb. -A. Portion of a male plant showing 
the intercalaiTr male inflorescen-ce,; ventral view, X 18. B. Portion of a 
sterile plant, dorsal view, X 18. C. Portion of a female plant showing the 
pseudo-lateral female flower, ventral, view,, XT8. D. Leaf cells showing 
thickenings at the cell angles,'X-450.' 

Hist. Surv.' 11: 70. ,1908.— New York,: Onteora Mtp near 
Taniiersville," 1891, d: M. FaiZ’'5;,Little Moose Lake, Herkiiner 
Co., C. C. Haynes i4og .— Maryland.: without definite local-., 
ity, distributed'.(as- i?,. pallens) in Musci-Alleg. 261 .— 

Virginia: Nick's Creek, 1892,'£.,G. Briiton 44^/'White,'Top'M,t., 
E. G. Briiton 6 , 102; same - locality, ASwaW(distributed, in Blue, 
Ridge'.Hepatics,-S. W. Virginia.di)'.; - These localities'a,re.'re- 
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corded by Small, & Vail, Mem. Torrey Club 4: 193, 1893.—' 
West Virginia: Tibbs Run, 1892, Millspaiigh (Bull. W, Va. 
Agr, Expt. Station 24: 495. 1892.); Fairview, E, M. IHing — 

North Carolina: without definite locality, SulUvani, dis¬ 
tributed (as R, pallens) in Musci Alleg. 261 \ near Montreat, 
Buncombe Co., Standley & Bollman 10160 (H.). This sfiecies 
was also reported as collected by Atkinson in 1901 at two stations 
in the state (see Andrews, A. LeRoy, Bryologist 17: 59. 1914).— 

‘‘On rocks and fallen trunks in mountainous regions,” Austin^ 
Hep. Bor. Am. 87 (as R. pollens)? 

Radula tenax was described in 1875 by Lindberg from ma¬ 
terial which had been collected in Maryland and North Carolina 
and distributed as R. pallens (Sw.) Dumortier in Sullivant’s 
Musci Alleglianienses 261. Although this material is to be re¬ 
garded as the type, Lindberg also based his species on material 
collected in mountainous regions (no definite station) and issued 
by Austin in Hep. Bor. Am. 8 ^, and on material collected in the 
Catskills, New York, in August 1868, by P. T. Cleve. Of the 
three collections the first two have been examined. The points 
of difference between these two species are the following: the 
branching In R. tenax is simply pinnate, while in R. pallens it is 
dichotomous; the leaves of R, tenax are elliptical-ovate, while 
those of R. pallens are round-ovate; the lobule of R. tenax is ovate 
and attached to the stem scarcely half the length of the base, 
while in R. pattens the lobule is trapezoidal and the base is fused 
more than half its length. 

A study of this species reveals a considerable amount of vari¬ 
ation in regard to several characters. The most marked vari¬ 
ation probably is in connection with the trigones. Austiids 
material and also the majority of the specimens collected in the 
South show rather pronounced thickenings in the angles of the 
leaf cells. On the other hand much of the northern material 
shows an absence of trigones, although cell thickenings are con¬ 
spicuous in some material as, for example, in the specimen from 
Sheffield, Mass. Although trigones are usually present in the 
southern material, they are not absolutely constant and may also 

^ In this and the other lists of specimens examined ” signifies the 
herbarium of Miss Caroline C. Haynes,'andthe herbarium of.the 
New Y^ork Botanical Garden. The remaining specimens are in the herbarium 
of University.,'' ^ • 
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vary in degree. Material collected by E. M. Fling at Fairview, 
West Virginia, possesses leaf cells with extremely thin walls and 
no trigones. Very obviously the degree to which the cell angles 
may be thickened is so variable that it can possess no real specific 
value. In addition to this, in many cases, there is a marked 
difference in the general appearance between plants collected in 
the North and those from the southern limit of the range. 
Frequently in northern material the plants are less robust and 
have the appearance of the branches of the first order of the 
southern forms. This may possibly be interpreted as a juvenile 
condition beyond which many of the plants of more northern 
distribution are not able to pass. 

R, tenax possesses no definite structures for vegetative propa¬ 
gation nor does this species shed its leaves. However, old por¬ 
tions of plants, which are almost in a state of disintegration, 
may produce abundantly at any location on the surface of the 
leaves small, tuberous outgrowths, which then give rise to leafy 
shoots. 

2. Radula Bolanderi Gottsche; Stephani, Hedwigia 23 : 

145. 1884 

Radula spicata Aust. Bull. Torrey Club 6: 19. 1875. Not R. 

spicata Mitt., 1862. 

Radula arctica Steph. Bot. Jahrb. 8: 98. 1886. 

Plants usually dark green, dull, often becoming yellowish 
green with age: stems 1-2 cm. in length and 0.09 mm. in width, 
somewhat regularly pinnately and bipinnately branched, the 
branches 1-5 mm. in length and 0,06 mm. in width, alternate, 
separated usually by two leaves of the stem and spreading ob¬ 
liquely at an angle of 70‘^-“8o°, frequently simple but more often 
with a few short branches of the secondary order: stem leaves 
scarcely imbricate, spreading from the stem obliquely at an 
angle of 6o'^-7o'^, the keel straight or more often slightly arched; 
the dorsal lobe 0.8 X 0.65 mm., ovate, decidedly convex, the base 
free about one-half its length, the free portion arching usually 
almost across the stem, the fused base attached to the stem by a 
straight line, the apex broadly rounded; the ventral lobe 0.45 
X 0.35 mm., siibqiiadrate, the base free about half its length, 
the free portion subauriculate, arching part way across the stem, 
the line of attachment oblique, the apex blunt and almost form¬ 
ing a right angle ; rhizoids usually present on a somewhat inflated 
cushion at the base of the lobule; leaf cells comparatively thin- 
walled, usually with small thickenings at the angles; cells of the 
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margin of ttie-^ dorsal lobe 15 X ii [t, cells of the iiiedian portion 
18 X 14(1, cells of the base iS X 15 [i; leaves of the branches 
of the first order slightly imbricate, obliquely spreading as tliose 
of tlie stem; tlie keel somewhat more arched; the dorsal lobe 
0,35 X 0.3 mill., ovate, convex; the ventral lobe as in. the stem 
leaves, 0,25 X 0.2 iiim., usually with an inflated base bearing 
rliizoids; leaves of the axes of the second order siibeqiially bi- 
lobed, 0.15 X 0.13 mm.; the keel much arched; rliizoids absent; 
dioicoiis; the male inflorescence a long, slender, compact ament 
of two to thirty pairs of bracts, usually terminal on the stem or a 
branch of the first order, occasionally proliferating at the tip; 
the bracts much inflated at the base, subequally iobed, 0.5 X 
0.35 mm., the lobes rounded at the tip; rhizoids absent: female 
inflorescence terminal on the stem or a leading branch, usually 
innovating on one or both sides, the innovations in most cases 
not fertile and usually not longer than other branches of the 
first order, less frec|uently bearing female flowers and assuming 
ste,mdike growth; female bracts subequally bilobed, about the 
size of the stem leaves, the keel straight or slightly inwardly 
curved; the dorsal lobe 0.85 X 0.45 mm., broadly rounded at 
the tip; the ventral lobe 0.7 X 0.45 mm., rounded at the tip; 
perianth 1-2 mm. in length, tapering from a narrow base abruptly 
to a wide, shallowly two-lipped, faintly and coarsely undulate 
mouth, strongly flattened toward the free end: capsule oval- 
cylindrical; the outer layer of ceils with strong, horizontal bands 
of thickening on all the vertical, radial walls, the tliickenings 
often extending slightly over the outer tangential wall and sepa¬ 
rated or more rarely confluent; the inner layer of large, more 
irregular cells, thickened more or less uniformly on most of the 
radial walls, transverse bands of thickening on the tangential 
walls absent. 

Type locality: California* Mendocino City, leg. Bolander. 

Habitat and distribution: on moist rocks or on the bark 
of. trees; frequent along the Pacific Coast of North America from 
California to Alaska. 

IixusTRATiONs: Stephani, Bot. Jahrb. 8: pL j, /. ii. 1S86; 
Pearson, W. H., Can. Hep. pL 4, 1890. 

Alaska: Port Etches, 1892, Underwood44S (H.) ;,Ratz Harbqr, 
Frye 2gj, 312 (Evans, A. W., Bull. Torrey Club 41: 606. 1914).— 
British Columbia: Observatory Inlet, Douglas'{N. Y.) no date 
given; AYncouver, Pringle336 {N.Y.) Victoria, Macotm 17, 40, 
107; Ucluelet, Macoun 22, 41, 43, 81, 113; Esquimalt, Macom 
, jo; Sidney, Macoun 41 (H.); Vancouver L, Macoun 
■j7'v(N. Y.);' Comox, Macoun 82 {N. Y.); Goldstream, Macoun 
■ i8;\ .Alert'Bay,'Vancouver, 1 ., Dawson (N. 'Y.,. Pearson, Wfi.Hi; 
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Can. Hep. 16^ as R. spicata. 1890); Port Renfrew, Skinner 3; 
same locality, G. Gibhs 6, 50, 5p, no, I2 q, 168. Several of 
these localities are listed by Evans, A. W., Postelsia 1906 : 230. 
1906.— Washington: Seattle, 1891, Piper 20 (PL); Cathlamet, 
Foster 4Q2, 4Q2b (H.); Gate, Foster ig6o, 20ig (H.); near Aber¬ 
deen, Foster g2g (H.), g4Sh (H.). Several of these localities are 
listed by Ha3nies, C. C., Bryologist 12: 69. 1909.—Oregon: 

Portland, 1888, Underivood (H.); Forest Grove, Lloyd (N. Y.); 
Silverton/ ijgi (H,), 1384 (H.); North Silver Creek, 



Fig. 2, Radula. BoLANDERi Gottsche. A, Cross-section of the capsule 
wall, X 450. B. Outer layer of the capsule wall, X 450. C, Inner layer of 
the capsule wall, X 450. 


Marion Co.,' Foster 1320 (HV). Austin’s R. spicata was,based in- 
part on specimens from, Salem, collected'by E. Flail, but these, 
■spedmens. have not been .available, for examination.— Cali¬ 
fornia :'M,eiidocino City, Bolander, Steplia,ni ,(N. Y.)' type; 
Muir Woods,'lY L, Campbell^ Lily hake, 

Marin ' Co., Underwood .df. Cook, Hep. ■ Amer., j2; Mill' Valley, 
Ploioej; same locality, Blasdale, {B.'.) y Marin 'McKean 32'' 

(H.);, near Lake L,a,gunitas,'£. C, SutUffe (H.);' Mendocino, Howe 
34g ■ (N. Y.); near Felton, Underwood , (H.)';' Cazadero,' Howe 
('N.' Y.); Eureka, Hoive gi 8 Y,) ;mear' McBride’s, Mad River, 
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Humboldt Co., Hoive 1056 (N. Y,). M. A. Howe lists several 
of these localities in, Mem. Torrey Club 7 : 159. 1899, 

Austin’s Raduia spicata, although published earlier than the 
Radula Bolanderi of Gottsche, is a homonym of Raduia spicata 
Mitten, and accordingly untenable in spite of the fact that 
Mitten’s species has been reduced to synonymy under Raduia 
fcrmosa (Meissn.) Nees by Stephani. 

Raduia arctica is here included as a synonym since there is 
nothing in Stephani’s description or figure of this plant to set it 
apart from the juvenile condition of R, Bolanderi, This opinion 
was first expressed by M. A. Howe in his work on the hepatics of 
California (Bulk Torrey Club 7: 159. 1899). Stephani, how¬ 

ever, maintains that the specimen is not juvenile but presents 
no further evidence to support his view. 

R, Bolanderi agrees with R, teiiax in several characteristics, such 
as the dioicous inflorescence and the entire absence of gemmae 
or of any tendency^' to shed its leaves. There is, however, no dif¬ 
ficulty in separating the two species. Each species is char¬ 
acterized by’- a very definitely restricted geographical distribu¬ 
tion. R. Bolanderi is known only along the Pacific Coast from 
California to Alaska. R, tenax, on the other hand, is restricted 
to the Atlantic Coast, being known from Maine to North Caro¬ 
lina. Pearson (Can. Hep. 1890) has reported R, tenax from Van¬ 
couver Island on the basis of material collected by’* Dawson at 
x\lert Bay in 1885. This material, however, has been identified 
as R. Bolanderi by Evans (Postelsia 1906: 230. 1906). 

The points of difference between these two species are suf¬ 
ficiently marked to make a distinction readily possible. In 
R, Bolanderi the leaves are more decidedly iml:)ricate, less 
widely spreading and not at all falcate. When compared with 
R, tenax lobule in i?. Bolanderi^ in relation to the lobe, is 
larger, not at all or only slightly auriculate and extends less 
across the stem. In fact, there is no other North American 
form •\\’-hich possesses the narrowly spreading, spoon-shaped 
leaves with large lobules which characterize R, Bolanderi, In 
regard to the sexual structures there are also striking differences. 
The male inflorescence of R. Bolanderi h in most cases terminal, 
the bracts densely imbricate and more compact than in the case 
oi'R, tenax. The female inflorescence of R, Bolanderi^ with usu¬ 
ally two innovations, is readily distinguished irom.' the pseudo- 
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lateral female flower of R, tenax with its widely separated female 
bracts. 

3. Radula polyclada Evans, Bull. Torrey Club 41: 607. 1915 

Plants dull, yellowish green, becoming brown with age, 2-3 
cm. in length, prostrate in loose mats: stems 0.2 mm. in width, 
profusely and regularly pinnately branched; branches o.i mm. 
in width, arising almost uniformly behind every leaf, widely 
spreading at an angle of 90°, 4-8 mm. in length, frequently 
bearing very short axes of the second order: stem leaves entire, 
somewhat imbricate, widely spreading at an angle of yo'^-So®, 
and slightly falcate, the keel slightly arched; dorsal lobe of the 
stem leaves 0.95 X 0.65 mm., broadly ovate, convex and often 
revolute at the tip, the apex broadly rounded, the base slightly 
auriculate cxnd free for one-third the distance, arching only 
slightly OA^er the stem and only slightly decurrent; ventral lobe 
0.4 X 0.35 mm., quadrate, appressed to the dorsal lobe, the base 
free about one-half its length, the free portion slightly auriculate 
at the point of fusion and arching only slightly OA^^er the stem, the 
free margin parallel to the keel, the apex obtusely angled, rhi- 
zoids entirely lacking; leaf cells plane, without definite trigones, 
occasionally somewhat thickened at the angles, the cuticle 
smooth, marginal cells 15 X 10 pi, median cells 22 X 17 pi, 
basal cells 30 X 25 p.; leaA^es of the primary axis more or less 
imbricate, dorsal lobe 0.45 X 0.35 mm., ovate, convex, less 
widely spreading than the stem leaves, the ventral lobe 0.2 X 
o.i mm., subquadrate, the free margin shorter than the keel; 
leaves of the secondary axes still less widely spreading, sub- 
equally bilobed: dioicous: female inflorescence terminal on a 
short branch of the first order, innovating at the base, the in¬ 
novations two, more rarely one, and not fertile; female bracts 
large and wide spreading, the keel strongly incurved; dorsal 
lobe 1.4 X 0.8 mm,, narrowly ovate, rounded at the apex and 
somewhat convex; dorsal lobe 0.85 X 0.65 mm., rounded at the 
apex and somewhat concave: perianth and male inflorescence 
not known. 

Type locality: on rocks, Aats Bay, Alaska. 

Ha and distribution: on moist rocks and old logs; 
Alaska, to Washington. 

Illustrations: Bull. Torrey Club Al: figs, 2, j. 1915. 

Alasica: Sitka, 1894, ,.U. S. Fish Commission;' Aats'Bay, 
Frye poo, Type; Unalaska, al, J025; Augustine Bay, 

Frye ySo, 5c?(5, Foster 758; Ratz Harbor, 512; Shipley Bay, 
Foster 788; Exchange Cove, Frye 260; Hidden Inlet, Frye: 7j; 
Prince of''Wales Is., Foster 1123. 'Most of these are' listed' as, 
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R, Boland-cri by Evans, A. W., Bull. Torrey Club 41: 606. 
1915— British Columbia: Port Renfrew, 1901, G. Gibbs 
(listed as R. Bolanderi by Evans, A. W., Postelsia 1906: 230. 
1906.); Ucluelet, MacGun 43, Si, 113 (listed as R. Bokm(kri)~ 
Washington: near Olympic Hot Springs, Clallam. Co., 1914, 
Foster 2826. 

Compared with other North American species of Radtda of 
the group in which gemmae are absent and in which there is .no 
teiidenc}’' to shed the dorsal lobe, R. polyclada most closely re¬ 
sembles R> Bolanderi and has often been confused with it as the 



Fig. 3. Radula polyclada Evans. Portion of a female plant showing 
the female inflorescence terminal on a short branch of the first order with two 
sub“floral innovations, ventral view, X 18. 

list of specimens indicates. Both species are restricted, to the 
Pacific Coast region and, of the two, R, polyclada h^s the more 
northern range. In regard to the, female inflorescence, size, 
and mode of. branching,, however, the ■ two'are strikingly, dif- 
fe.rent. ' R, polyclada is always larger a,nd more regular in itS' 
.branching habit. .Moreover, in this species' the leaves spread 
'more widely from the stem, rhizo,ids 'are always entirely lacking 
and the apex of thedobule is less acutely angled*. The'most 
marked difference between, these two species exists in connection 
with the female inflorescence. In K. polyclada the female flowers 
are alway^s termiiiai on a short,/branch of the ' first; order' and 
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never at the apex of the stem or a leading branch as is the case in, 
R. Bolanderi, The female bracts are somewhat larger than the 
stem leaves and more widely spreading while in R. Bolamleri 
they do not exceed the leaves of the stem in size and are more 
erect. . 

A decidedly more striking agreement exists between R. 
polyclada and the Siberian species, R. prolifer a Arnell, known 
only from the type specimen, which was collected by H. Nilsson 
Ehle in 1898 at Bulkiir, in the valley of the Lena;^ The points 
of similarity and difference have been well brought out by Dr. 
Evans in his paper on the Alaskan Hepaticae^ and need not be 
repeated here. 

4. Radula Sullivantii Austin, Bulk Torrey Club 6: 19. 

1875 

Plants dull green, often with a golden yellow cast: stems i™2 
cm. in length and 0.15 mm. in width, rather profusely branched, 
pinnate and frequently bipinnate, the branches 1-3 mm. in 
length and 0.08 mm. in width, more or less wide .spreading at 
first but later approaching the stem: leaves of the stem subim¬ 
bricate, strongly falcate, wide spreading from the stem at an 
angle of 90°, the keel usually definitely arched; dorsal lobe 0.7 
X 0.6 mm., broadly ovate, rounding out abruptly beyond the 
keel, the apex broadly rounded, the base free about half its 
length, not at all auriculate and usually spreading only a little 
over the stem, the line of attachment straight; ventral lobe 
^•3vS X 0.25 mm., i*homboidal, the outer margin straight, the 
anterior margin shorter than the keel, the apex obtuse, the base 
fused to the stem practically its entire length, a pronounced 
mammilliform swelling at the base of the lobule usually without 
rhizoids: leaves of the branches of the first order essentially like 
those of the stem; the dorsal lobe 0.55 X 0.4 mm., the base 
slightly auriculate; ventral lobe 0.35 X 0.2 mm., mammilliform 
outgrowth usually prcwsent: cells of the leaf usually thick-walled, 
often, with distinct trigones; marginal cells 16 X 14 (x, median, 
cells ' 17 X" 14|x, basal cells 17 X' 14^1:, dioicous: the' male in¬ 
florescence usually intercalary■ O'li'the stem or a branch, rarely 
terminal, of two to four pairs of bracts,'siibimbricate,', the'keel 
strongly-arched, ,the:dorsal lobe 0.55 X 0.4 mm.;' ventral .lobe 
0.4 X 0.2 mm., without rhizoid-bearing inflation: female in¬ 
florescence not known: vegetative propagation Tiy • niea.ns of 
caducous vegetative leaves, which occasionally give rise to thal- 
loid growth before shedding.' ■ 

^ Ark. for Botanik 12'. I, f. x, 2, , i9I3v 

^ Bull. Torrey .Club, 41 : 609. 1915..." 
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Type loca’Lity; mountains of Georgia, Sullimni, Lesqiiereux. 
Habitat and distribution: in depressed, dense mats on 
moist rocks and banks; known from Georgia and. Alaliama. 



Fig. 4. Radula Sullivantii Austin. A. Portion of a sterile plant, 
ventral view, X 18. B. Portion of the same, dorsal view, X .18. C. Por¬ 
tion of a sterile plant after shedding the dorsal lobes (Bruchblatter), veittral 
view, X 18, D. Portion of a male plant showing a terminal male inflores¬ 
cence, ventral view, X iS. E. Leaf cells, X 450. 

Georgia: without definite locality, 1843, SuUivant & Les- 
quereuXj Type (distributed in Austin’s Hep. Bor. Am. 88'^); 
Tallulah Falls, (distributed in Plep. Amer. 105), 

Small. gOy gi8i; Seymour, Estotoah Falls, 5 malT(distributed in 
liep. E. 'N. Amer. 15). —^Alabama,: Fairhope, i<)2^y Evans, ' , ■ 




1925] 


castle: revision of radula 


423 


This species belongs to a group which is characterized by a 
more or less pronounced tendency on the part of the leaves to 
shed their dorsal lobes, and R. Sullivantii has this tendency to a 
marked degree. The lobes are, in fact, Brucliblatter, which first 
give rise to flat, thalloid outgrowths from the lobe margin and 
then these develop into leafy shoots. Occasionally these thalloid 
bodies develop prematurely on the margin of a lobe before shed¬ 
ding. Under these circumstances they sometimes simulate 
gemmae, except for the fact that they do not separate from the 
lobes. 

R, SiiMimitii agrees with the preceding forms in its lack of 
discoid gemmae. It is, however, easily set apart from thCvSe 
by the presence of Bruchblatter, its strongly falcate leaves, and 
the fact that the base of the lobule is attached practically its 
entire length. 

5. Radula australis Austin, Bot. Gaz. 1: 32. 1876 

Plants green, often with a tinge of brown: stems 1.5-3 cm. in 
length and 0.15 mm. in width, somewhat irregularly pinnately 
branched, the branches wide spreading at first and forming an 
angle of about 70° with the stem, later approaching the stem, 
frequently bearing a few scattered branches of the second order: 
stem leaves with a more or less marked tendency to shed the 
dorsal lobe, subimbricate, spreading from the stem at an angle of 
about 70"^, falcate, the keel straight or slightly incurved; the 
dorsal lobe 1.5 X i mm., ovate or somewhat obovate, the apex 
broadly rounded, the base free about half its length, the free 
portion auriculate and arching across the stem and frequently 
beyond, the line of attachment oblique; ventral lobe 0.55 X 
X 0.55 mm., subquadrate, somewhat appressed to the dorsal 
lobe toward the apex, the anterior margin curved and occasion¬ 
ally with a fold in the region of the apex, the apex blunt but not 
broadly rounded, the base free usually aj 30 ut one-half its length, 
the free portion auriculate and extending from one-half to wholly 
across the stem, the line of attachment curved, a small rhizoid- 
bearing inflation usually present toward the base of the lobule: 
cells of the leaf thin-walled throughout; cells of the marginal 
portion 18 X 20 g., cells of the median portion 20 X 22 p., ceils 
of the base 21 X 29 u* leaves of the branches of the first order 
slightly different; the dorsal lobe 0.9 X 0.65 nini., narrower and 
usually moie decidedly falcate than that of the stem leaf; the 
ventral lobe 0.3 X 0.25 mm., the anterior margin less broadly 
rounded, rhizoids only occasionally present; leaves of the 
branches of the second order essentially like those of the other 
branches but proportionately smaller: dioicous: male inflores- 
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ceiice intercalary on the main axis and the brandies of tlie first 
and second orders, often appearing terniiiia! due to tlie only 
slight vegetative growth at the tip; bracts in tliree to ten {iciirs, 
imbricate, much, inflated toward the base, the keel strongly 
arched; dorsal lobe 0.55 X 0.25 mm., usually erect and rounded 
at the apex; ventral lobe 0.5 X 0.25 mm,, the apex narrowly 
rounded: female inflorescence terminal on the stem or a branch, 
innovating on both sides, one innovation rarely dex'^elopiiig 
beyond a rudimentary bud, the other often continuing the growth 
of the stem or other axis and frequently fertile; bracts erect; 
the dorsal lobe 0.85 X 0.45 mm., broadly rounded at the apex; 
ventral lobe 0.55 X 0.3 mm., obtusely angled at the tip; peri¬ 
anths i~2 mm. long, cylindrical below, flattened above, shallowly 
two-lipped, the lips rather regularly and definitely undulate: 
capsule oval-cylindrical; the outer layer composed of regular, 
more or less isodiametric cells, square or broadly rectangular in 
cross-section, thickenings present on the vertical radial wails of 
certain cells occurring in definite sequence: median line of each 
vah^'e formed by thin walls, three vertical lines on either side of 
more or less uniformly thickened walls, the next vertical line of 
thin wails, the next vertical line of uniformly thickened walls and 
the remaining two or three lines thin-walled throughout; inner 
layer of cells with horizontal bands of thickening on most of the 
vertical radial walls extending usually across the inner tangential 
wall: vegetative i*eproduction by means of caducous leavevS. 

Type locality: near Augusta, Georgia, Sullivan!, 1845.^ 

Habitat and distribution: in dense depressedmats, fre¬ 
quently growing mixed with mosses or on the bark of trees; 
known from Georgia, Florida, Louisiana, Cuba and the Bahama 
Islands. 

Florida: without definite location, Chapman 4g (N. Y.); 
Gainsville, Wade & Robinson; Bland ton, Undenmod (H.); 
Sanford, Rapp 4 (H.), 24, 40 (H.) (Haynes, C. C., Bryologist 

18 : 20. 1915); various hammocks in Dade Go., Small et al. 

1377, 1403, 1414, 1432,1530,1338, 2817, 2824, 3689, 5234, 5238, 
$239, 5249, 5265, 5288, 5296, $300, $302, 6145, 6x47, 6154, 
6156, 6157, 6177, 6183, 6212, 6213, 6224, 622$, 6231, 6237, 
7010, 7022, 7023, 7028, 7032, 7040; Florida Keys, Small et al. 
1524, 1526, 153$, 1548, 1554, 3663, Louisiana: Bois 

Lobb6, 1891, Langlois (H.); Keystone, Langlois (H.).~Cuba: 
vicinity of San Diego de los Banos, Province of Pinar del Rio, 
1^1$, Brother Leott S232I .— Bahama Islands: ■without definite 
location, Northrop 349; Maidenhead Coppice, New Providence, 


* The type of, R. australis has not been examined. 
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FIG.' 5.. Radula australis Austin. A. "Portion'of a female, plant show¬ 
ing the terminal flower with the two sub-floral innovations and mature 
perianth, ventral view, X 18. B. Portion of a sterile plant, dorsal view, 
X 18. C, Portion of a male plant showing the amentiforni male inflorescence, 
ventral view, X 18. D. Leaf .cells,'X 450*' ''E.,.Cross-section' of .the capsule 
wall, X 450, F. Outer layer of the capsule wall showing the median longi¬ 
tudinal line of the .valve at M,’. X'450, '-'G. .Inner layer :Of the capsule wall, 
'X 450.: 
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E. G. Britton 3261, Nicholl's Town, Andros, Brace 6S8o (Evans, 
A. W., Bull. Torrey Qub 38 : 206. 1911), 

Austin in his original account of this species compares it with 
R. pallens. He shows that R. pallens differs, however, in being 
a much larger species in which the branching is never regularly 
pinnate but usually presents a dichotomous appearance. In 
regard to the male inflorescence he adds, in comparison, that the 
anient of R. pallens is much longer and never terminal. The 
last point is not actually a difference, as in none of the speci¬ 
mens of R, australis examined has the male inflorescence been 
found to be strictly terminal. It is always intercalary and in 
every case, when it appears to be terminal, close inspection 
shows proliferation at the tip. The leaves, moreover, • when 
compared with those of R. pallens are more distinctly falcate, 
the lobule is larger and more acute, and the perianth is usually 
less elongate. 

According to the treatment of North American species given 
here, R. auimlis belongs in the group in which gemmae are 
lacking and in which vegetative propagation is accomplished by 
caducous leaves. Of the forms within this group it most nearly 
resembles R. SuUivantM on account of its strongly falcate leaves. 
R, atistmlis differs from R. Sullivantii, however, in several char¬ 
acters. It is usually a larger and more robust form with a less 
marked tendency to shed the dorsal lobe. The dorsal lobe 
usually extends across and beyond the stem and the base of the 
iobule is always free one-third to one-half its length. Further¬ 
more, the male inflorescence of R. australis^ with only slight pro¬ 
liferation at the tip, often appears to be terminal while in R. 
StiUimniii it is usually more obviously intercalary. 

6. Radula obconica Sullivant, Gray's Manual, Ed. i: 

688. 1848 

Plants dull, oHve green, occasionally tinged *with yellow: 
stems usually not more than i cm. in length and about 0.15 mm. 
in wddth, rather indefinitely pinnately branched, the branches 
spreading at an angle of So-po®, approaching the main axis 
.above, separated by one to six leaves:stem leaves, except toward 
the tip, scarcely at all imbricate, spreading at an angle of ' 80'^,, 
slightly falcate, the keel slightly arched, straight, or more rarely 
slightly incurved; dorsal lobe 0.7 X 0.6 mm., ovate, convex, the 
apex broadly rounded, the 'base free, one-third its, length, the 
free " portion subauriculate 'and arching only'a short' distance 
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over the stem, the line of attachment straight; ventral, lobe 
0.25 X 0.25 mm., subquadrate, the outer margin parallel to the 
stem, the apex narrowed into a blunt tip, the base fused to^tiie 
stem one-third to one-half its length, the free portion not auricu- 
late, the attachment straight, rhizoids present on a more or less 
pronounced inflation: leaves of the branches of the first order 
essentially like those of the stem; the dorsal lobe 0.45 X 0.4 
mm., not at all falcate and slightly less widely spreading com¬ 
pared to the dorsal lobe of the stem-leaf; ventral lobe 0.2 X 0.2 
mill. : leaA^es of the branches of the second order with relatively 
smaller lobes, about 0.2 X o.i mm.: cells of the leaf thin-wailed 
and without trigones; marginal cells 16 X 13 4, median cells 
16 X 13 basal cells 19 X 15 (J-: heteroicous: male inflorescence 
a series of seA-eral pairs of bracts on the main axis below the female 
flower, or intercalary on a branch or subfloral innovation, the 
bracts smaller than the leaves, imbricate, with a strongly arched 
keel; dorsal lobe 0.45 X. 0.25 mm., erect, rounded at the apex; 
ventral lobe 0.35 X 0.25 mm., the apex blunt, without rhizoids: 
female inflorescence terminal on the stem or a branch, with 
usually two innovations, the innovations wide spreading and 
frequently fertile; the bracts erect, scarcely smaller than the 
leaves; dorsal lobe 0.6 X 0,45 mm., ovate, the apex broadly 
rounded; the ventral lobe 0.35 X 0.25 mm., the apex narrowly 
rounded: perianth clavate, 2-2.5 mm. in length l3y i mm. in 
width, the mouth becoming slightly constricted at maturity; 
shallowly two-lipped, the lips entire; cells of the outer wall of the 
capsule with pronounced horizontal bands of thickening on the 
radial walls extending in some cases somewhat over the inner 
tangential wall, pronounced thickenings on the inner tangential 
wall usually only at the ends of cells; cells of the inner layer large, 
irregular, the radial walls sometimes thin but frequently more or 
icvss uniformiy thickened, the outer tangential walls scarcely 
thickened but usually more or less pigmented with yellow, except 
for scattered unpigmented areas: vegetative reproduction, by 
means of caducous leaves. 

Typ,e LOCALITY: in cedrinis palustribus prope Urbana Ohioiiis; 
arborea. 

'.Distribution an,0 habitat: on moist rocks and tree trunks, 
■notva common'species, known in. all. the Atlantic, Coast States 
from Maine to Georgia, also in Ohio, Wisconsin, Minnesota and 
Arkansas. 

ILLUSTR.ATIONS: Gray’s Manual,'Ed. , 2 , /X., c?.' : 1856, and 
Bryologist 21: ,59. 25. 1918.''- 

Maine: Mt. Desert,. Seal ■Harbor a,nd ■, Pemetic Mt., 1920, 
A. Lorenz (Rhodora 26 :. : 12..X 1924).— Vermont:' Salisbury, 
1911, A. Lorens. (Bryologist’21:'57. ■ 19,18) .—Massachusetts: 
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Sheffield, 1916, A. Lorenz (Bryologist 21: 57. 1918).— Con¬ 

necticut: Hamden, 1918, Evans; North Branford, Huntington, 
Kent, Redding, North Stonington, Evans; Killingworth, South¬ 
ington, Nichols, Watertown, Southington, East Haddam, A. 
Lorenz; Oxford, Harger. Many of these localities are listed by 



Fig. 6. Radula obconica SulL A. Cross-section of the capsule wall, 
X 450. B. Outer layer of the capsule wall, X 450. C. Inner layer of the 
capsule wall, X 450. 


A. Lorenz, Bryologist 21: 57. 1918; and by Evans & Nichols, 

Bulb Conn. Geol. & Nat. Hist. Surv. 11: 70. 1908.— New York: 
Ithaca, 1887, Coville (H.),— New Jersey: ' without definite 
locality, SuUimmt 88 . — Pennsylvania: Delaware Water Gap, 
1871, Garher iX-orenz, A., Bryologist 21: 57. 1918). —District of 
Columbia: Rock Creek Park, 1889, Waitesgf iXi.); reported also 
from tlie same locality by Holzinger (BryoIogivSt 10 : 92, 1907); 

Broad Branch, Waite 520 (H.) ; Blogden’s Mill, Waite H6 (H.);' 
•without definite locality, Holzinger (Lorenz, A., Bryologist 21:,57. 
1918).— Virginia: Spout Run, 1889, Waite 488 (H.)» 490 (H.); 
'Nick’s Creek, G. Britton & A. M, Vail 45 {hovmz, A.,B'ryolo- 
gist'21: 57.'' 1918;,and Small.&Vail,'Mem.'Torrey Club 4 : 193. 
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1893).— West Virginia: Lick Run, 1909, Sheldon 3970; Burnt 
House, Randall, Albright, Manila, Sheldon 4228 (H.)? 4(^04 

(H.).— North Carolina: Montreat, 1913, Standley BoUman 
10160 (H.) (Standley, P. C., Bryologist 17 : 71. 1914) ; Winston- 

Salem, Chap^nan 1056,1176, 1773, 1073, 1673. This species was 
also collected by Atkinson in 1901 at several stations in N. C. 
See Andrews, A. LeRoy, Bryologist 17 : 59. 1914.— Georgia: 

Tallulah, 1887, Underwood Cook, Hep. Amer. 97; same local¬ 
ity, Underwood (H.), Seymour (Lorenz, A., Bryologist 21: 57. 
1918).— Ohio: near LTbana, 1845, SuUivant, Muse. Alleg. 260 
(N. Y.), type; White’s Gulch, Jackson Co., Mrs. Bayard 
Taylor. — Wisconsin: Douglas Co., 1923, Conklin 1963 (H.).— 
Minnesota: Cook Co., 1911, Conklin 1135 (H.).— Arkansas: 
Swain, 1915, Emig 1071 (Lorenz, A., Bryologist 21: 57. 1918). 

R. ohconica agrees with all the preceding forms in its lack of 
true discoid gemmae. The tendency to shed the dorsal lobe ex¬ 
hibited by this plant shows more or less close relationship to R. 
SullimntM and R. australis. It differs from these two species, how¬ 
ever, in its heteroicous inflorescence and slightly falcate leaves. 
The mode of germination of the caducous leaves or Bruchblatter 
has been carefully followed by Miss Lorenz in her account of the 
species® and differs somewhat from that observed in the case of 
R. Stillivantii. After separation the lobe gives rise to small, mas¬ 
sive, thalloid bodies along the margin which, after a few divisions, 
produce leaf}^' shoots and ultimately new plants. The Bruch- 
blatter of R. Sidlivantii, on the other hand, give rise first to flat, 
thalloid bodies which soon produce the new plants. 

7. Radula complanata (L.) Dumortier, Comm. Bot, 112. 

1822 

Jungermannia complanata L. Sp. PI. 1133. 1753. 

MartineUius complanatus S. F. Gray, Nat. Arr. Brit,. PL 
,^821. ■' ' 

Radula a/|?e.s/m'Lindb.; Berggren," Bidrag till Skand. BryoL 29. 
t866 . C: 

.Radula HalHi i\ust. Bull. Torrey. Bot. Glub 6 : 19. ■ 1875.' ■ ' ' 

Radida Notarisii Stepli. Hedwigia 23 ; 129. 1884. 

Radula Krausei Steph. Bot* Jahrb. 8: 97. 1896. 


® 'Lorenz,"A., Bryologist 21: 58. ,■ agiS. 
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Stephmvina coniplanata 0 . Kuntze, Rev. Gen. PL 839. i89r. 

Stephanifia alpestris O. Kiintze, /. c. 

Plants pale to bright yellow green: stems 1-2 cm. in, length 
and 0.15 mm. in width, irregularly once or twice pinnate, the 
branches i“2 mm. in length and o.i mm. in width, few in 
number, spreading at an angle of 80°: stem leaves densely im¬ 
bricate, the keel slightly arched, wide spreading and very slightly 
falcate; dorsal lobe, 1.05 X 0.85 mm., broadly ovate, more or 
less convex, the apex broadly rounded, the base free about half its 
length, the free portion arching across the stem and usually 
beyond forming a definite auricle at the point of fusion with the 
stem, the line of attachment only slightly curved; ventral lobe 
0.45 X 0.35 mm., quadrate, appressed to the dorsal lobe, the 
apex rounded or obtusely angled, rarely slightly prolonged into 
a blunt tip, the base free one-half to one-third its length, slightly 
auriculate at the point of fusion with the stem, the Hoe of at¬ 
tachment straight, rhizoicl-bearing cushion usually present near 
the base: leaves of the branches of the first order essentially 
like those of the stem; the dorsal lobe 0.6 X 0.4 mm. usually 
more erect and not at all falcate: ventral lobe 0.2 X 0.25 nini., 
rhizoids present: cells of the leaf comparatively thin-walled, 
occasionally slightly thickened at the angles; cells of the margin 
22 X 154, median cells 20 X 18 (jl, and basal cells 22 X 19 [i: 
inflorescence paroicous: female inflorescence terminal on the 
stem or a leading branch, usually innovating at the base, the 
innovations rarely two, wide spreading and frequently fertile, 
the bracts erect with unequal lobes; dorsal lobe 1.2 X 0.9 mm., 
the apex broadly rounded; ventral lobe 0.75 X 0.4 mm.: male 
inflorescence a series of two to four pairs of bracts, imbricate, 
the keel strongly arched; dorsal lobe 0.9 X 0.75 mm. broadly 
ovate, the base free about half its length, auriculate and arching 
nearly across the stem; ventral lobe 0.55 X 0.45 mm., subqiiad- 
rate, the apex obtusely angled, the base free one-half its length, 
auriculate: perianth 1.5-2.5 mm. in length, oljconical, strongly 
flattened above, the mouth truncate, obscurely a-lipped, the 
lips slightly obscurely repand: vegetative propagation by means 
of discoid gemmae frequent on the dorsal lobes of leaves, nude and 
female bracts: outer layer of cells of the capsule wall composed 
of more or less regular rectangular cells with pronounced bands 
of thickening on, alternate radial walls, the thickenings heavier 
toward the outer surface and varying considerably in height:, 
ceils of the inner layer irregular, thin-walled with no visible 
thickenings on the radial walls, reinforced with delicate hori¬ 
zontal bands on the inner tangential walls, usually 5“8 bands in 
each cell. , 

Type LOCALITY: in Europa ad arborum truncos. 

. , 'Habitat . and ■ distribution :.common on' bases of' trees and; 
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on rocks in soiiiewliat damp and well sheltered places; known 
practically tliroiighoiit North America, Europe, Northern Asia, 
and Northern Africa. 

Illustrations: Hooker, Brit. Jung. pL 81. 1816; Macvicar, 

Student’s Handbook of British Hepatics 387. 1912; Mtiller; 

Rabenhorst’s Kryptogamen-Flora 6‘k /. 158, 1912-16. 

In view of the fact that Radtila complanata is so well known, 
it has been considered unnecessary to list definite stations for 
this species. The collection of Radtdae in the herbariuin of 
Yale University contains 170 specimens of Radula contplanaia 



Fig. 7. Radula comblanata (L.) Dumort. A. Oross-sect.ion, of the 
capsule wall, X 450. B. Outer layer of the capsule wall, X 450. C. I irner 
layer of the, capsule wall showing transverse striae on the inner tangential' 
walls, X 450. 

from „Alaska, Canada, Maine, New 'Hampshire,' Vemioiit,. 
'■Massachusetts, 'Rhode Island, Connecticut, New York, 'New 
Jersey, Pennsylvania, Maryland, Virginia, 'West Virginia, 
North Carolina,, Florida,’ Louisiana,.,' Michigan, Wisconsin, 
Minnesota, Montana, Colorado,. Idaho,. Arizona, Washington,,. 
Oregon, and California. 

Two American forms,' R. Hallii Austin nnd 'R.. Krausei 
Stephani whi'ch have been, proposed as new, are here included 
in the'list of synonyms. R. Hallii, b'ased'On material collected' 
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by E, Hall in Oregon, was said to differ in the following points: 
the leaf apices more incurved, involucra! bracts smaller and 
more equally bilobed, and the perianth larger with several other 
minor differences. However, the type which is in the herbarium 
of the New York Botanical Garden, has been examined and 
reveals none of these differences sufficiently marked to warrant 
the recognition of a new species. On the other hand, the 
Alaskan type of R, Kratisei has not been seen, yet material 
collected by Leiberg in Idaho and determined by Stephani as 
R, Kratisei exhibits only the slight variations which may well 
come within the limits of variation of the recognized concept of 
this species. This vietv has also been expressed by M. A. 
Howe.^ 

Radnla complanala has the distinction of being the earliest 
recognized member of the genus. In vegetative features it some¬ 
what resembles R, obconica, but tends to be more robust. The ab¬ 
sence of any tendency to shed the dorsal lobe, together with the 
presence of numerous discoid gemmae, at once sets these two 
species apart. In addition to this, the inflorescence of R. com- 
planaia is almost without exception paroicous, while inR. obconica, 
our only other monoicoiis species, male and female branches occur 
in addition to the bisexual branches. Since R, camplanaki usu¬ 
ally fruits, the disposition of the sexual structures is a character 
which in the majority of cases cah be conveniently employed. 

The species most closely related to R, complanala is the 
European R, LindPergiana Gottsche. In fact, these two >species 
can be separated only on the nature of the inflorescence, which 
is dioicous in R. Lindbergiana, In this latter species, even when 
not actually in fruit, sterile archegonia may be found at the 
apices of the stems or branches, and the swollen, siibinvolucral, 
male bracts, present in the paroicous i?. complanala^ are entirely 
lacking, .Both Schi,finer® and Jack,'^ who have m.ade critical 
studies of R, complanala in Europe, have described plants in 
which are combined both the paroicous and heteroicous arrange¬ 
ments of the sexual structures. , With,'this condition existing it 
would' be impossible to assiguwith, any certainty a single isolated, 
female branch of a plant to either R, complanala or R. Lind- 

" Mem. Torrey Bot.'Club 7 : 160. 1S9.9. ■ 

® Scbiffner, ,V. Lotos 60 : 72. 1912. ■ 

','4® Jack, J. B. ' Flora 64 : 357, a88x. 
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bergiana. However, up to the present time, no lieteroicous 
individuals of R. complanata have been noted in America. In 
fact careful inspection of all the North American material of 
R, complanata, which has been available, has failed to disclose 
any plants in which the infloi-escence is other than paroicoiis. 
Therefore, it be assumed from the evidence at hand that 
R. Lindbergiana is strictly an Old World species and does not 
occur in this country. 

8- Radula caloosiensis Austin, Bull. Torrey Club 6: 301. 

1879 

Plants yellow green: stems i“i.5 cm. in length and o.i mm. 
in width, somewhat irregularly branched, the branches i-"'5 mm. 
in length and 0.06 mm. in width, at first wide spreading and 
forming an angle of 80-90®, later approaching the axis, separated 
by twm to four leaves: stem leaves spreading at an angle of 60®, 
somewhat densely imbricate, the keel slightly arched; dorsal 
lobe 0.95 X 0.7 mm,, broadly ovate, the apex broadly rounded, 
the base free one-third to one-half its length, the free portion 
auriculate and arching across and slightly beyond the stem, the 
line of attachment slightly curved; the ventral lobe 0.35 X 0.3 
mm., subquadrate, flat and appressed to the dorsal lobe, the 
terminal portion somewhat prolonged into a more or less acute 
tip, the base free about one-third its length, the free portion 
slightly auriculate and extending a short distance across the 
stem, the line of attachment oblique; rhizoids usually present on 
an inflated cushion near the base of the lobule : leaf cells uni¬ 
formly thin-walled; cells of the leaf margin 15 X 13 [x, cells of 
the median portion 20 X 18 cells of the leaf base 33 X 20 
leaves of the axis of the first order essentially like those of the 
stem, the keel slightly more arched; the dorsal lobe 0.8 X 0.65 
mm,, the ventral lobe 0.3 X 0.3 mm.; leaves of the axis of the 
second order proportionately smaller and less widely spreading: 
dioieous: male inflorescence terminal on a branch, apparently 
not proliferating, consisting of two or three pairs of densely 
imbricated bracts, the individual bracts much inflated at the 
base; the dorsal lobe 0.7 X 0,45 mm., erect, rounded at the 
apex; the ventral lobe 0.5 X 0.25 mm., the apex subacute: 
female inflorescence terminal on the stem or a subfloral inno¬ 
vation; bracts smaller than the leaves ; the dorsal lobe 0.7 X 0.55 
mm., erect, broadly rounded at the tip; the ventral lobe 04 X 
0.25 mm., erect, rounded at the apex: perianths not seen: discoid 
gemmae abundant on the dorsal lobes of the stem and branch 
leaves, as well as on the male and female bracts. 

Type LOCALITY: Caloosa, Florida, March, 
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Habitat and distribution: growing closely appressed to the 
bark of trees: known at present from three stations in Florida, 
two in Alabama and one in Louisiana. 



Fig. 8. Radula c-4LOosiensis Austin. A. Terminal portion of a 
sterile plant showing discoid gemmae on the margins of the dorsal lobes^ 
ventral view, X i8. B. Portion of the same, dorsal \dew, X i8. C. Por¬ 
tion of a female plant showing the terminal flower with two sub-floral inno- 
vations, ventral view, X x8. D. Portion of a male plant showing the terminal 
male inflorescence, ventral view, X i8. E. Leaf cells, X 450. 
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Florida: Caloosa, 1878, Austin, type; Blandton, Underwood 
223; Sanford, Rapp 72 (H.), 86 .— Alabama: near Fort Payee, 
1905, Harper (N. Y.); Fairhope, Evans. — Louisiana: Bois 
Lobbe, 1890, Langlois (H.). 

R. caloosiensis was considered a distinct species until 1910 
when Stephani, in his synopsis of the geiius/^ reduced it to 
synonymy with R. australis. Although R. caloosiensis has 
without doubt, some characters in common with R. australis, 
there are several points of distinct difference which form suf¬ 
ficient basis for re-establishing the species. R. caloosiensis 
usually bears abundant discoid gemmae, its leaves are not at all 
falcate, and the lobe is considerably larger in relation to the 
lobule, narrower and more tapering, and with no tendency to 
break apart. 

When only vegetative features are considered there is very 
close agreement between R. caloosiensis and the monoicoiis 
R. complanata. In fact, there are really no well-defined char¬ 
acters, aside from those relating to the inflorescence, which 
can be employed to separate these two species when sterile. 
There is, however, one difference in habit that often can be 
utilized: R. complanata invariably bears flowers even when 
gemmae are present in abundance; R. caloosiensis, on the 
other hand, rarely fruits, and usually when sterile bears numerous 
gemmae. 

9. Radula Langloisii sp. nov. 

Plants dull green and slightly tinged with yellow: stems 1-2 
cm. in length and o.i mm. in width, irregularly pinnately and bi- 
pinnately branched, the branches wide spreading at first and 
later converging toward the main axis or bending backward, 
the growth of the plant frequently continued by a leading 
branch: stem leaves decidedly imbricate toward the growing tip, 
less so on older portions of the stem, wide spreading, the keel 
straight or more rarely only slightly arched; the dorsal lobe 
0.75 X 0.6 mm., broadly ovate, the apex rounded, the base free 
about one-half its length, the free portion auriculate and on 
younger portions of the plant arching across and some distance 
beyond the stem, the line of attachment curved; ventral lobe 
0.25 X 0.25 mm., subquadrate, appressed to the lobe, the outer 
free margin and the anterior free margin slightly incui-ved, the 
apex slightly prolonged into a blunt tip, the base free about one- 


Stephani, F., Sp. Hep. 4 : 216. 191Q. 
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fourth its length, the free portion arching a little over the stem, 
auriciilate, the line of attachment nearly straight; rhizoids 
usually present on the lower portion of the lobule; leaves of the 
more vigorous branches of the first order' essentially like those 
of the stem, those of the less vigorous branches of the first order 
and those of the branches of the second order more erect, the 
lobule larger in proportion to the lobe, more inflated at the base 
and the keel slightl}^ more arched: cells of the leaf uniformly 
thin-walled; cells of the leaf margin 18 X 18 (x, ceils of the 
median portion of the leaf 20 X 18 cells of the basal portion 
23 X 18 g.: dioicous: male inflorescence intercalary on the stem 
or a branch, consisting of one to four pairs of subequally bilobed 
bracts, the bracts decidedly imbricate, much inflated at the base, 
and the keel strongly arched; dorsal lobe 0.55 X 0.25 mm., 
erect, broadl^^ rounded at the tip, somewhat constricted above the 
keel, the base free one-half its length, the free portion extending 
somewhat across the stem and beyond; the ventral lobe 0.45 X 
0.2 mm., erect, rounded at the tip, the base free two-thircls its 
length, the free portion arching slightly over the stem: female 
inflorescence terminal on the stem and branches of the first and 
second orders, with usually a single innovation, the innovation, 
frequently fertile; bracts erect, usually somewhat unequal in 
size, the iow^r slightly larger, the keel incurved; the dorsal lobe 
0.85 X 0.6 mm., bi'oadly and regularly ovate, the apex broadly 
rounded; ventral lobe 0.55 X 0.45 mm., somewhat irregular in 
outline, rounding out abruptly above the keel, the apex blunt: 
immature perianth o.s-o.S mm. in length and 0.8 mm. in width, 
strongly flattened, very definitely two-lipped, the cleft shallow on 
one side and extending usually one-third to one-half the length 
of the perianth on the other side, the lips very coarsely undulate; 
the mature perianth about 1.5 mm. in length and 0.75 mm. in 
width, somewhat contracted at the mouth, deeply cleft on one 
side: mature capsules not seen: vegetative propagation by means 
of occasional discoid gemmae borne on the lobes of the leaves 
and on the lips of the perianth. 

Type collected at Keystone, Louisiana, 1891, Langlois 
(herbarium of C. C. Haynes). 

Habitat and distribution : growing closely appressed to the 
bark of trees or mixed with mosses; known only from North 
Carolina, South Carolina and Louisiana. 

North Carolina: Jackson Springs, Moore Co., 1905, C. C, 
Haynes (H.).— South'Carolina: 'Summerville, ' C^DuBoiS' 

(H.).— -Louisiana: Coteau, 1890, Langlois (H,); Keystone, 
Langlois (H.), type; Bois Lobb6, Langlois {H.). 

' ■'This species 'somewhat, closely■ resembles Radula „ 'complanata 
so far as vegetativeieatures are concerned^ : In'fact,, it'is 'difficult 
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to distinguish between sterile plants of the two species. There 
are, however, slight differences of a vegetative kind. The 
leaves of R. complanata are always more decidedly imbricate 
and the lobe does not extend across the stem as far as it does in 
the other. In fertile material a distinction is a simple matter as 
R. Langkisii is dioicous while R. complanata is monoicoiis. 
This disposition of sexual organs is a feature that usually can 



Fig. 9. Radula Langloisii Castle. A. Portion of a sterile plant, 
dorsal view, X 18. B. Portion of a female plant showing the female in¬ 
florescence with a single sub-floral innovation, ventral view, X 18. C. Por¬ 
tion of a male plant showing the intercalary male inflorescence, ventral view, 
X iB. E. Leaf cells, X 450. 

be employed in separating the two, as R, complanata almost 
always fruits. Moreover, when sterile portions are involved, 
the abundance of discoid gemmae in R, complanata'will mwAllj 
set it apart from the other, in which gemmae are only rarely 
produced. The female inflorescence suggests that of R. australis 
but differs in that the lobe of the female bract is more broadly 
ovate and the lobule is larger in proportion to the lobe. The 
male inflorescence, which is always intercalary on the stem or a 
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branch, is quite distinct from that of any of our other species. 
The bracts are few in number, very decidedly imbricate, and 
become successively smaller from the base of the inflorescence 
upward. The ventral lobe approaches the dorsal lobe in size. 
The latter is erect and projects very little to the side. Moreover, 
there is a pronounced constriction in each bract just above the 
inflated basal portion. The most striking character possessed 
b}?" this species is found in connection with the perianth. In all 
the North American forms this structure is shallowly two- 
lipped. Ini?. Langloisii, however, the perianth is always deeply 
cleft on one side. 

10. Radula andicola Stephani, Hedwigia 23 :114. 1884 

Radtila viridi-aurea Spruce, Hep. Amaz. et And. 324. 1885. 

Radula xalapensis Aiist. Hep. Bor.-Am. SSb. 1874. Not Nees 

& Mont. 

Radula Lescurii Aiist.; Stephani, Sp. Hep. 4 : 191. 1910. 

Plants usually pale, occasionally dark green in color: stems 
1-2.5 cm. in length and 0.15 mm. in width, piniiately but never 
bipinnately branched, the branches spreading obliquely at an 
angle of 70-80° and separated by two to four leaves of the stem: 
stem leaves wide spreading and forming an angle of 80-90° with 
the stem, usually densely imbricate; the keel slightly incurved 
and occasionally a little arched in the center; dorsal lobe 1,5 X 
I mm., ovate, arching usually to some extent across and beyond 
the stem, its base free about one-third the distance, the free 
portion forming a pronounced auricle, the line of attachment 
slightly oblique or curved; ventral lobe 0.85-0.7 mm., quadrate, 
its outer margin parallel to the axis, apex subacute, anterior 
margin nearly horizontal and usually with a fold, the bavse free 
one-half its length, the free portion auriculate and arching nearly 
across the stem, the line of attachment straight, usually with a 
small, somewhat pointed swelling bearing rhizoids: leaf cells 
thin-wmlled throughout; cells of the leaf margin 18 X 15 [x, 
median cells 18 X 15 g., basal cells 25 X 20 jx: male and female 
inflorescences not known: vegetative propagation by means of 
discoid gemmae abundant on the margins of the dorsal lobe. 

Type locality: America tropica, Ecuador, leg. Krause 
(Herb. Jack); Silla de Caracas, leg. Birschall (Herb. Kew); 
Rio Janeiro, leg. Jan Deventer (Herb. Sande-Lacoste). 

■ Habitat AND distribuiion:' in depressed, dense mats'on 
moist rocks; throughout tropical America, north to District of 
Columbia and south to Rio de Janeiro. 
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District of Columbia: Rock Creek Park, 1890, Waite H44 
(H.). This specimen is not typical since the majority of the 
lobules extend only part way across the stem. An occasional 
iobuie, however, approaches the characteiistic form.— West 
Virginia: Beaver Spring, 1892, Millspatigh J551; Huntington, 



Fig. 10. Radula andicola Steph. A. Terminal portion of a sterile 
plant, "ventral view, X 18. ..B. Dorsal view'of the same, X 18. , C. Leaf 
cells,':'X"'450* 


Plymale 'Both these specimens, like the",'"preceding, possess, 
lobules which in the' majority of cases are not typical., Many, 
however, are ■ sufficiently characteristic' , to justify dncluding the 
forms under ' this species'.— North, Carolina,:, ■ Woodfin ■ Falls> 
■,near Balsam, 1919,. .a' 75 t.''(Bryologist'' 24 : ''53'.' 

Moore Spring, Hoke Co.r Schallert 4a" (H.).— Georgia.: Tallulah 
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Falls, 1874, Austin, Hep. Bor.-Am. 88h (distributed as R, 
xalapensis Mont.); Grand Chasm and Glen Ella Spring, vicinity 
of Tallulah Falls, Seynicur; Toccoa Falls, Underwood & Cook, 
Hep. Amer. 104 (distributed as R, xalapensis Mont.). “Cuba: 
Monte Verde, Wright .— Peru: San Miguel, 1911, Foote 44 
(Evans, A. W. Trans. Conn. Acad. 18 : 313. 1914)* 

The sterile but gemmiparoiis specimens from Tallulah Falls 
have been the source of much confusion. Those collected by 
Siiliivant and Lesquereux were referred by Austin to R. xalapensis 
apparently on the basis of the description by Gottsche in his 
Mexikanske Levermosser. When these specimens were studied 
by Lindberg he was unable to find any distinction between them 
and the rare R. valuta Taylor of the British Isles.He, therefore, 
included the latter species under R. xalapensis as a synonym 
and cited also Liiidig’s material from Colombia, which Gottsche 
had already referred to R. xalapensis}- Many years later 
Stephani took up for the specimens distributed by Austin the 
name R, Lescurii Austin, giving as the place of publication the 
sixth volume of the Bulletin of the Torrey Botanical Club. No 
such name appears in this volume so that the species was really 
a manuscript species of Austin which was first published by 
Stephani. He had previously referred to R. LescuriP^ without 
describing it, but at that time regarded it as a synonym oi R. 
mollis Lindenberg & Gottsche. 

Meanwhile, Stephani had described under the name R. an ■ 
dicola a series of specimens without sexual organs from tropical 
America. According to the description these are apparently 
identical with the Tallulah Falls specimens, although Stephani 
made no mention of the characteristic gemmae which are usually 
so abundantly present. The following year Spruce published his 
R. viridi-aurea based on material from the mountains of Ecuador. 
This also w’^as described from sterile specimens and again no 
mention was made of gemmae. In his Species Hepaticariim 
Stephani included R. viridi-aurea as a synonym of R. Lescurii 
and extended the range of thisapecies to Bolivia on the south' 
and Costa Rica on the north..' 'In citing material from Peru,' 


w Acta Soc. Sci. Fenn. iO; 401. 1875. 

Ann. Sci. Nat. Bot. V. 1: 143. 1864. 
V' nBedwigia'' 23 : ,157. 1884. ' ■ 
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Evans noted for the first time discoid gemmae in this species and 
compared them with those of R. complanata}^ 

Unfortunately it has been impossible to obtain for examina¬ 
tion the type specimens of R, andicola ' and R. viridi-aurea. 
Howevery in view of the wide range which Stepliani assigns to 
this species and the close agreement between the Peruvian 
specimens and those from Tallulah Falls it seems justifiable to 
include R. Lescurii among the synonyms of R. andicolo, 

R. andicola, although distinct as a species, stands in close re¬ 
lationship to several other species such as R. vohita and R. mollis. 
When compared with R. voluta the two are found to differ widely 
in respect to the lobule, which extends to a much greater distance 
across and beyond the stem in R. voluta. The keel in R. andicola, 
moreover, is almost invariably slightly incurved while in R. voluta 
it is often straight or slightly arched.. R. andicola, furthermore, 
usually bears abundantly discoid gemmae, while in R, voluta, 
gemmae are but rarely present. 

Stepliani, in his original synopsis of the genus,suggests 
that R. mollis Lindenberg & Gottsche and R, Lescurii Austin are 
synonyms. Again comparison of the two reveals marked dif¬ 
ferences. The lobules of R. mollis still larger and extend even 
farther across the stem, the free basal portion is usually angular 
rather than broadly rounded, the leaves are more densely im¬ 
bricate and gemmae are few in number. 

Without doubt R. andicola, R. voluta and R, mollis are mem¬ 
bers of a group of more or less closely related species. A fourth 
member of this group is R. ramulina Taylor. Here also the most 
striking difference exists in relation to the lobule which extends 
to a greater distance across and beyond the stem. Moreover, 
this species is huge when compared to R. andicola and up to the 
present time is not known to produce gemmae. 

'' II.' Radula flaccida Lindenberg Sc Gottsche; G.' L. N. 

Syn. Hep. 726. 1847 

Radula epiphylla Mitt.; Stepliani, Hedwigia . 23 : 113.' " 1884. 
Stephanina flaccida' 0 . Kuntze, Rev. Gen. PI. 839. 1891. 

Plants dull green: stems 0..5-1.5 cra. indength'and'D.ofi mm.; 
in width, rather indefinitely pinnately and rarely bipinnately 

' Trans. Connecticut Acad. Arts18:,313.:,, 1914.. 

Hedwigia 23 : 157." 1884. ■ 
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branched, the branches 2-5 mm. in length and 0.05 111111. in 
width, spreading from the stem at an angle of 50-60° and sepa¬ 
rated by two to five leaves: stem leaves subimbricate, spreading 
at an angle of 60-70°, usually only slightly falcate, the keel 
straight or slightly arched; dorsal lobe 0.9 X 0.7 mm., ovate or 
somewhat obovate, flat, the apex broadly rounded, the base free 
about one-third its length, the free portion auriculate and arching 
entirely across the stem but seldom beyond, the line of attach¬ 
ment straight; ventral lobe 0.3 X 0.2 mm., the apex extended 
into a long, blunt-tipped, frequently curved apex, the base fused 
to the stem almost its entire length, the line of attachment 
straight, rhizoids numerous on a pronounced mammilliform 
swelling: leaves of the axis of the first order essentially like those 
of the stem; dorsal lobe 0.6 X 0.5 mm.; ventral lobe 0.13 X 
0.16 mm., with rhizoids: leaf cells comparatively thin-walled 
and without trigones; marginal cells 16 X 12 g, median cells 
23 X 15 [JLy and basal cells 23 X 15 [x: dioicoiis: male inflorescence 
a long, slender, ament, slightly tapering toward the apex, ter¬ 
minal on the stem or branch of the first order; the bracts in three 
to fifteen pairs, imbricate, much inflated toward the base, the 
lobes subequal, the keel strongly arched; dorsal lobe 0.4 X 0,15 
mm., erect, rounded at the tip; ventral lobe 0.3 X 0.15 mm., 
obtusely angled at the tip, without rhizoids: female inflorescence 
terminal on the stem, innovating on both sides, the innovations 
wide spreading, short and sterile or frequently more elongate 
and fertile; bracts smaller than the leaves; the keel somewdiat 
inwardly curved; dorsal lobe 0.55 X 0.35 mni., rounded at the 
apex; ventral lobe 0.35 X 0.15 mm., without an elongate tip, 
rhizoids absent: perianth 1-1.5 mm. in length, in outline trum¬ 
pet-shaped with a slightly flaring mouth, terete at the base and 
strongly flattened above, the mouth shallorvly two-lipped, the 
lips coarsely and irregularly but faintty crenate; the outer layer 
of the capsule composed of regular more or less isodiametric 
cells as in R. complmiata, the vertical radial walls and frequently 
the horizontal walls strengthened by continuous, more or less 
regular additional layers of wall material, the tangential walls 
■without thickenings; the inner layer composed of large, thin- 
walled ceils, with the radial walls frequently thickened by uni¬ 
form thin layers, no thickenings visible on the tangential walls: 
vegetative reproduction by means of circular, discoid gemmae, 
borne dorsally in small numbers on the upper margins of the 
dorsal lobes, one cell in thickness, at maturity o.5™o.8 mm. in 
diameter, with several, three to eight, usually five, large cells 
on the margin representing initial cells, constricted below into a 
funnel-like structure at the base of which six to eight elongate 
cells remain attached.' 

Type locality: in terris Mexicanis prope Hacienda de Fovo 
ioliis. Psychoiriae cuiusdam arctissime irrepens (Liebman) . 
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Fig. II. Radula flaccida Lindenb. & Gottsche. A. Portion of a 
female plant showing the terminal inflorescence with mature perianth and 
two sub-floral innovations, ventral view, X 18. B. Portion of a sterile plant 
showing the large, discoid gemmae on the margins of the dorsal lobes, dorsal 
view, X 18. C. Portion of a male plant showing the terminal, amentiform, 
male inflorescence, ventral view, X 18. D. Leaf cells, X 450, E. Outer 
layer of the capsule wall, X 450. F. Inner layer of the capsule wall, X 450. 
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Habitat and distribution: scattered or in depressed mats, 
closely appressed to the upper surface of living leaves of trees, 
shrubs and herbs; throughout the lowlands of tropica! America 
extending as far north as Dade County, Florida; also in tropical 
West Africa, 

Florida: Hattie Bauer Hammock, Dade County, 1915, 
Small Hosier (Evans, Bryologist 20: 24. 1917).;;— Guate¬ 

mala: vicinity of Secanquim, Alta Verapaz, 1905, Maxon & 
Hay J2II .— Cuba: Monte Toro, Wright (distributed in Hep, 
Ciibenses).— Jamaica: Bath, 1903, Evans 332; Green River 
Valley, Evans 212 .— Porto Rico: vicinity of Cayey, 1900, 
Evans; vicinity of Utuado, Wheeler gQ2; Mayaquez, Heller; 
Jagua, WhetzeL — Trinidad: Maraval Valley, Port of Spain, 
1913, Thaxter; vicinity of Arima, 1920, E, G, Britton et al. 641.— 
Brazil: Rio Negro, Spruce (distributed in Hepaticae Spruce- 
anae).— Africa: Niger River, Nigeria, Barter (type of R. 
epiphylla from the Mitten herbarium); Cameroons, Dusen 42^ 
(distributed as R. epiphylla in Hepaticae Africanae). 

After a careful comparison of the type specimen of R, epi¬ 
phylla Mitten with a number of specimens of R.fiacdda Linden- 
berg & Gottsche, there is little doubt that.they are one and the 
same. Stephani (loc. citl) gives a brief description of R, epi¬ 
phylla and, at the same time, admits that this species stands very 
close to R, flaccida, the only difference being that the lobules of 
the former lack the elongate, blunt tip which is so characteristic 
of R. flaccida. As a matter of fact the lobules of the type 
material from the herbarium of Mitten agree exactly with those 
of R. flaccida collected in tropical America and any 'slight vari¬ 
ation that does exist is no greater than can be found in a single 
plant of R. flaccida. Accordingly, since this species was first 
described in 1847 under the name R, flaccid a ^ it becomes neces¬ 
sary to reduce the later proposed R. epiphylla of Mitten to 
synonymy. 

Aside from the extraordinary and almost constant epiphyl- 
lous habit of R. flaccida, this species is characterized by the pro¬ 
duction of remarkable bodies for vegetative reproduction. ThCwSe 
structures are large discoid gemmae, which arise from the 
margins of the lobes on the dorsal side of the plant. Miss Ruth 
Williston has very ably described these gemmae and their de¬ 
velopment in a' paper' entitled '(Discoid gemmae in' Radula.'f^'® 

' A'*^'Bull':TorreyVlnb' 39 :'329-339./. ''''1912/'' 
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Almost coincident with this account appeared a similar de¬ 
scription by Goebeh^ based on African material bearing* the name 
R, epiphylla Mitten. 

The epipliyllous habit is, apparently, not common among the 
species of Radula. R. flaccida is the only one of the species of 
this genus found within the United States which grows uniformly 
upon living leaves. There are, however, several other epi- 
phylious Radulae outside the range of this work; R. Grevilleana 
Taylor and R. sienocalyx Mont, throughout tropical America and 
R. mmmnosa Spruce reported only from Bolivia. It is c|uite 
possible that one or more of these may extend to tropical Florida 
as in the case of R. flaccida. 

Yale University 


Flora 104 : 156. 1912. 




Studies on the flora of northern South America—VI0* 

H. A. Gleason 

ADDITIONAL NEW SPECIES OF MELASTOMATACEAE 

Miconia subalpina n. sp. Arborescent; stems above obtusely 

4- -angled, prominently 4-siilcate, densely villous or subtonientose 
with spreading or somewhat reflexed simple hairs about l mm. 
long; petioles slender, 3.5-6 cm. long, pubescent like the stem, 
the hairs frequently stout and flattened; leaf-blades membranous, 
ovate, 12 cm. long, 8-9 cm. wide, acute, irregularly serrulate, 
dilate, broadly rounded at base, upper surface plane, dark green, 
sparsely pilose in the vein-areas with slender yellowish hairs 
0.5-1 mm. long, lower surface pale green, minutely punctulate, 
pilose along the veins and veinlets with slender, somewhat 
crooked, whitish hairs mostly 0.5-0.7 mm. long, 7-pli-nerved, 
the veins and veinlets obscure above, prominulous beneath; 
panicles small, few-flowered, 10 cm. long, including the peduncle, 
densely pubescent like the stem; pedicels 3-5 mm. long; flowers 

5- merous; hypanthium broadly campanulate, 6 mm. in length 
and diameter, densely hirsute with spreading or somewhat 
reflexed hairs about 1.2 mm. long; calyx-tube prolonged i mm. 
beyond the staminal torus, hirsute like the hypanthium; sepals 
broadly triangular, 4.5 mm. wide, 1.8 mm. long, subacute, the 
free margin scarious, glabrous, and densely ciliate with stout 
hairs 0.5-0.7 mm. long, exterior teeth stout, appressed, about 
equaling the sepals, 1.5 mm. long, 0.5 mm. thick, hirsute like 
the hypanthium; petals white, recurved, broadly obovate, 8 mm. 
wide, 6.5 mm. long, from a truncate base 2 mm. wide, broad¬ 
ly rounded and somewhat retuse at the apex, many-nerved; 
anthers stout and thick, 3 mm. long, 1.7 mm. thick (radially), 
1.2 mm. wide (tangentially), blunt, opening by a single terminal 
pore 0.4 mm. wide, the connective much thickened below and 
minutely saccate at base; filaments flat, 3.7 mm. long, 1.7 ,mm. 
wide at base, tapering gradually to 0.8 mm. wide at the summit, 
glabrous; ovary concave at the summit,, glabrous; style straight, 
9 mm. long, 0,7 mm. dn diameter, „ glabrous; stigma broadly 
capitate or subpeltate, 0.7.mm. long, 1.7, mm. in diameter. ' 

Type, JO,504, collected in mossy forest, Gerro Tatama, 

Dept. Caldas, Colombia, alt. 3200-3400 m., 8-10 Sept. 1922, 
and deposited in the herbarium of the New York Botanical 
Garden. But few species of tht stction Amhlyarrhem have 
such large flowers, and they mostly have glandular styles and 

Contributions from the New York Botanical Garden, no. 277. 
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filaments. In some superficial characters of foliage it resembles 
If. psychrophikij but I know of no species_ to which it appears 
definitely related. Under the arrangement of species in Cogni- 
aux’s monograph, it falls in the group 362 to 381. 

Miconia aggregata n. sp. Arborescent; stems obscurely 4- 
angled, densely pilose or subtomentose with brown, spreading 
or somewhat reflexed hairs 1.5 mm. long; petioles stout, 25-35 
mill, long, pilose like the stem; leaf-blades firm, ovate, 15-20 
cm. long, 8-10.5 wide, obliquely long-acuminate, finely 
serrulate, broadly rounded at base, upper surface dull green, 
densely strigose with brown, curved-ascending hairs i xiim. 
long, lower surface cinereous, softly subtomentose with spreading, 
somewhat crooked hairs 1-1.5 5-pli-nerved, the vein- 

lets 3-5 mm. apart; panicles pyramidal, 9 cm. long, the rhachis 
and branches pubescent like the stem; bracts subulate, 2 mm. 
long; flowers 5-meroiis, sessile, in dense, globose, terminal glom- 
erules; hypanthium cylindric, 3.7 mm. long, densely pilose with 
spreading hairs i mm. long; sepals membranous, broadly 
triangular, 0.4-0.5 mm. long, the free portion glabrous, exterior 
teeth broadly conic, 0.2 mm. long; petals depressed-ovate, 1.2 
mm. long, 1.7 mm. wide; filaments stout, flat, 2.2 mm. long; 
anthers oblong-elliptic, 1.5 mm. long, obtuse, thicker than wide, 
unappendaged, opening by a minute terminal pore; ovary 
glabrous at the summit; style straight, terete, 3.3 mm. long, 
hirtellous; stigma peltate, i mm. in diameter. 

Type, Rusby & Pennell 8ij, collected in the forest at Balsil- 
las/’ on Rio Balsillas, Dept. Huila, Colombia, alt. 2100-2200 
m., 3-5 Aug. 1917, and deposited in the herbarium of the New 
York Botanical Garden. The species is closely related to if. 
capitellata Cogn., in which the leaves are merely obtuse at base, 
the pubescence throughout much shorter, the hypanthium 
smaller, the ovary setulose at the apex, and the style glandular- 
hirtellous. 

Miconia Pennellii n. sp. Fruticose or arborescent; stems 
somewhat flattened or obscurely 4-angled, roughly strigose with 
short brown hairs; petioles stout, strigose like the stem, 3-4 
cm. long; leaf-blades membranous, narrowly ovate to ovate- 
oblong, 13-18 cm. long, 7-9 cm. wide, acuminate, conspicuously 
serrulate, rounded at base, upper surface dull green, scabrously 
strigose with short hairs from a conic base, lower surface, fer-, 
ruginous, foveolate, roughly pubescent with short, crisped or 
crooked hairs, particularly on the veins, 7-nerved, the outer pair 
obscure, veinlets 4-5 mm. apart, the tertiary veinlets prominulous 
■■ beneath'; panicles' small,; congested, 10-15, cm., long, the, rhachis 
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and branches densely strigose-hispid; bractlets minute, oblong', 
acuminate, ciliate; flowers sessile, 5-merous; hypantliiiim 
campaniilate-cylindric, 4 mm. long, densely strigose with stout, 
ascending hairs about 0.5 mm. long; sepals membranous, 
broadly triangular-ovate, 1.5 mm. long, rounded at the apex, 
the exterior teeth stout, conic, i mm. long, spreading or some¬ 
what recurved, strigose like the hypanthium; petals broadly 
obovate, 2.7 mm. long, glabrous; filaments stout, flat, 2.5 mm. 
long, 0.8 mm. wide, minutely and sparsely hirtellous; anthers 
stout, oblong, 1.6 mm. long, opening by a small terminal pore, 
iinappendaged; ovary setiilose at the dp; style stout, 3.3 mm, 
long, 0.8 mm. in diameter, tapering slightly upward, hirtellous, 
not glandular; stigma peltate, i mm. in diameter. 

Type, Killip 7p5i, collected in the forest at Gallera,’’ 
Micay Valle}", Dept. El Cauca, Colombia, alt. 2000-2200 m., 
I July 1922, and deposited in the herbarium of the New York 
Botanical Garden. The type is in flower; the fruiting condition 
is represented by Pennell 7577, from “San Jose,” San Antonio, 
Dept. El Cauca, 2400-2700 m., i Jul}" 1922. Of the section 
Amblyarrhenay it resembles if. capitellata in habit, but in that 
species the leaves are 7-pli-nerved and the pubescence of the 
stem is spreading. Lehmann Sp2i and 8 yip are cospecific. 

Miconia peniciilata n. sp. Shrubby, 5 dm. tall; stems nearly 
terete, persistently and densely stellate-tomentose and sparsely 
pilose with spreading hairs 1.5 mm. long, bearing a tuft of slender 
apical branches; petioles slender, 2-3 cm. long, pubescent like 
the stem; leaf-blades firm, ovate-oblong, 8-10 cm. long, 4-5 
cm. wide, sharply and abruptly acuminate, finely serrulate, 
broadly acute at base, upper surface dark green, bullate-strigose 
with short Stiff hairs, lower surface ferruginous, foveolate, 
thinly but closely stellate-tomentose and sparsely pilose on the 
principal veins, 7-pli-nerved, the veinlets prominently elevated 
beneath; panicle widely spreading, freely branched, on a long 
peduncle, the rhachis and branches'pubescent like the, stem; 
bractS' obovate, 2”‘3, mm. long, stellate-tomentose,; flowers 5- 
merous, sessile, crowded in dense terminal and subterminal 
'.'giomerules; hypanthium obconic, '3: mm,, Jong, densely "brown 
stellate-tomentose; sepals broadly ovate, 0.6 mm. long, i.i mm. 
wide, themiargin scarious, the exterior teeth minute, conic; 
petals white, elliptic-obovate, 2,3 mm. long, 1.6 mm. wide, 
glabrous,' ,entire; filaments 2.6 mm. Jong,, glabrous,^, the lower 
three-fourths flat,,' 0.4 mm. wide, the upper one-fourth,'slender ; 
anthers oblong, blunt, thick, 1.4 mm. long, broadest (0.6 mm.) 
near the apex, opening by a small terminal pore, the connective 
thick,, not prolonged or , appendaged;' ovary '.glabrous-at 'the. 
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siiiiiniit; style straight, terete, 3.3 mm. long, gradually thickened 
upward, glabrous; stigma capitate, 0.8 mm. in diameter. 

Type, Pennell & KUlip ^808^ collected in forest, on a peak 
southeast of La Cumbre, Dept. El Valle, Colombia, alt. 2150™ 
2400 m., I4“I9 May 1922, and deposited in the herbarium of 
the New York Botanical Garden. The species is a member of 
the section Amblyarrhena and related to M. capUellata Cogn. 
It differs from that and allied species in the conspicuous stellate 
tonientum on the stem, lower leaf-surface, inflorescence, and 
hypanthium, coupled with the prominent, long, penicillate 
hairs on the stem and panicle. 

Miconia minuta n. sp. Fruticose; stems obscurely 4“angled 
and lightly 4-sulcate, sparsely stellate-furfuraceous, glabrescent 
with age; petioles slender, 2 cm. long, channeled above, minutely 
furfuraceous; leaf-blades membranous, oblong-elliptic, 18 cm. 
long, 7-8 cm, wide, sharply acuminate, entire, conspicuously 
but finely ciliate (about 16 cilia per cm. of margin, 0.5 mm. long), 
cuneate at base, dark green and glabrous above, or sparsely 
furfuraceous along the midvein, pale green, glabrous on the 
surface, and minutely and sparsely furfuraceous on the veins 
beneath, 7-nerved, the outer pair of veins 0.5 mm. from the 
margin, the next pair 2 mm. from the margin, veinlets strongly 
ascending, 3-4 mm. apart; panicle freely branched, ii cm. long, 
the rhachis and branches conspicuously stellate-furfuraceous 
and also pilose with spreading hairs 0.7 mm. long; pedicels 
glabrous, 0.5 mm. long; flowers 5-merous; hypanthium broadly 
campanulate, 1.2 mm. long by 1.3 mm. wide, glabrous; sepals 
depressed-triangular, 0.2 mm. long, 0.5 mm. wide, subacute, 
glabrous, the exterior teeth triangular, acute, less than o.i 
mm. long; petals oblong-obovate, white, 0.8 mm. long, 0.5 mni. 
wide, rounded at the apex; filaments i mm. long, glabrous, the 
lower three-fifths stout, the upper two-fifths slender; anthers 
oblong, 0.6 mm. long, broadest near the summit, 0.2 mm. wide, 
somewhat attenuate at base, the anther-sacs minutely gibbous 
at the base anteriorly, opening by two wide terminal pores; 
ovary rounded at the summit, glabrous, radially ribbed; style 
straight, stout, terete, 0.7 mm. long, 0.2 mm. in diameter; 
stigma capitate, 0.3 mm. in diameter. 

Type, Rusby Sf Pennell collected in forest at “ Balsillas, ” 
on the Rio Balsillas, Dept. Huila, Colombia, alt. 2100-2200 m., 
3-5 Aug. 1917, and deposited in the herbarium of the New 
York Botanical Garden. It finds its nearest relative apparently 
in M. Lehmannii Gogn., from which it differs in its ciliate leaves, 
its pilose inflorescence, and its short style. Its flowers are smaller 
than those of any other species oi Miconia known to me. 
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Miconia mimica n. sp. Arborescent; stems prominently 4- 
silicate with rounded ribs, glabrous, or furfuraceous-aniiiilate 
at the nodes above; petioles stout, 25-40 mm. long, glabrous 
below, conspicuously furfuraceous on the upper side at the sum¬ 
mit; leaf-blades thin and membranous, eiliptic-obovate, the 
members of each pair somewhat unequal, 12-17 cm. long, 6-8.5 
cm. wide, abruptly and sharply acuminate, minutely denticulate 
with ascending or appressed teeth (about 8 teeth per cm. of 
margin, 0.3 mm. long), obtuse to subrotund at base, dark green 
and glabrous above, pale green and glabrous beneath, 5-nerved, 
the outer pair obscure and submarginal, the middle three lightly 
impressed above, prominent beneath, veinlets conspicuous, 
especially beneath, tertiary veinlets conspicuously reticulate; 
panicle freely branched, spreading, 12 cm. long, glabrous or 
sparsely furfuraceous at the nodes; bractlets none or caducous; 
pedicels 0.3-0.8 mm. long; flowers 5-merous; hypanthium sub- 
urceolate, 1.4 mm. long, 1.3 mm. in diameter, brown, glabrous; 
sepals broadly rounded, 0.7 mm. wide, 0.2 mm. long, glabrous, 
the free margin scarious, exterior teeth broadly triangular, 
appressed, obtuse, less than o.i mm. long; petals broadly obovate, 
pale yellow, 0.8 mm. long, 0.7 mm. wide, glabrous; filaments 
glabrous, i mm. long, the lower three-fifths stout, the upper 
two-fifths slender; anthers oblong-obovate, 0.8 mm. long, the 
anther-sacs 0.5 mm. long, 0.3 mm. wide, opening by a double 
terminal pore of the same width, connective thickened on the 
back and prolonged 0.3 mm. below the anther-sacs, minutely 
bigibbous anteriorly; ovary rounded at the summit, glabrous, 
strongly radially ribbed; style straight, terete, glabrous, 2 mm. 
long, 0.3 mm. in diameter; stigma peltate, 0.6 mill, in diameter. 

Type, Killip collected in forest at Gallera/’ 

Micay Valley, Dept, Ei Cauca, Colombia, alt. 1900-2000 m., 
I July 1922, and deposited in the herbarium of the New York 
Botanical Garden. It is a member of the section Cremaniunif 
and bears a strong resemblance to M, winuta Gleason in its 
general appearance and small flowers. It differs in its non- 
ciliate leaves, its nearly glabrous inflorescence, its broader ex¬ 
terior calyx-teeth, its longer style and the conspicuously pro¬ 
longed connective. It also closely resembles M> coeUstis {¥m.) 
Naud., a plant of Peru and Bolivia with sessile flowers. 

Miconia cuneifolia n, sp. Low tree; stems obtusely 4- 
angled and densely and closely ferruginous-tomentulose when 
young, becoming terete and glabrous with age; petioles slender, 
12-15 mm. long, nearly terete, thinly tomentulose; leaf-blades 
firm, oblong-obovate, 7-10 cm. long, 22-35 mm. wide, sharply 
acuminate, entire, slightly revolute, cuneate from above the 
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middle to the base, upper surface dark green, slightly rugose, 
glabrous, lower surface closely ferruginous-tonieiitose with 
stellate hairs, 5-iierved, the veinlets 1.5-2 111m. apart; panicles 
8 cm. long, the rhachis and branches densely ferruginous- 
tomentose; flowers 6-merous, sessile, closely crowded in terminal 
and subtermiiial glomerules; hypanthium campaniilate,_ 2.3 
mm. long, densely but closely stellate-tomentulose; sepals 
broadly triangular, 0.4 mm. long, subacute, pubescent like the 
hypanthium, the exterior teeth apparently none; petals rotund- 
spatulate, i ,5 mm, long, i.1 mm. wide, glabrous; anthers obovate- 
oblong, 1.7 mm, long, 0.7 mm. wide, opening by two broad 
terminal pores, somewhat* attenuate to the base and minutely 
2-gibbous, connective thickened below and minutely saccate 
at the base posteriorly; filaments 3-4 mm. long, glabrous, bent 
at three-fourths of their length, the basal portion stout, some¬ 
what flattened, 0.3 mm. wide, the distal portion slender; ovary 
broadly ovoid-conic at the summit, glabrous, radially libbecl; 
style straight, 3.3-4 mm. long, terete, glabrous; stigma capitate, 
0.6 mm. ill diameter. 

Type, Rushy & Pennell 831, collected at edge of a bog, 
Balsillas, ” on the Rio Balsillas, Dept. Huila, Colombia, alt. 
2100-2200 m., 3-5 Aug. 1917, and deposited in the herbarium 
of the New York Botanical Garden. It is a member of the 
section Cremanium and related to species 429-431 of Cogniaux’s 
monograph, but differing from any of them in the long, cuneate 
leaf “base. 

Miconia turgida n. sp. Arborescent; stems stout, 4-angied, 
lightly 4-sulcate, and thinly furfuraceous above, becoming terete 
and glabrous in age; petioles stout, 4-5 cm. long, channeled 
above, flattened toward the summit, thinly furfuraceous; leaf- 
blades thick, elliptic, 23 cm. long, 10.5 cm. wide, abruptly 
acuminate to a short obtuse apex, remotely spinulose-denti- 
ciiiate (2-3 teeth per cm. of margin, 0,4 mm. long), acute at 
base, yellow-green and glabrous above, with deeply impressed 
veins, brownish-green, minutely punctate on the surface, and 
sparsely furfuraceous on the veins beneath, 5-nerveci, the veins 
prominent beneath, the outer pair submarginal, the veinlets 
ascending, , 3-4 mm. , apart, the tertiary veinlets reticulate; 
panicle sessile, 10 cm. long, the rhachis and branches 4-angIed, 
thinly furfuraceous, especially at the nodes; flowei'S 5-naerous, 
on pedicels i mm. long; hypanthium campanulate,^2.7 mm. long, 
3.1 mm. in diameter, glabrous, minutely punctate; sepals broadly 
ovate, 0.6-0.8 mm. long, glabrous, truncate or rounded, the 
margin membranous, exterior teeth flattened, conic, appressed, 
0.5 mm. long, blunt, minutely puberulent; petals broadly 
' obcordate from a truncate base:, 1.7. mm. long and wide, white, 
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glabrous; filaments 2.7 mm. long, 0.6 mm. wide at base, gradually 
narrowed to 0.3 mm. at the summit, the lower three-fifths 
strongly turgid; anthers obovate, 1.9 mm. long, 0.9 mm. wide, 
the two terminal pores together 0.5 mm. wide, attenuate and 
bigibboiis at base, the connective strongly thickened and pro¬ 
longed posteriorly into a blunt appendage 0.3 mm. long; ovary 
hemispheric at the summit, glabrous, with 10 rounded radial 
ribs not elevated around the style; style straight, terete, 3.3 
mm. long, 0.4 mm. in diameter, glabrous; stigma capitate, 0,8 
mm. in diameter. Fig. i. 

Type, Pennell Q302, collected in forest at ‘^Pinares,” above 
Salento, Dept. Caldas, Colombia, alt. 2600-2800 m., 2-10 Aug. 
1922, and deposited in the herbarium of the New York Botanical 
Garden. The type specimen exhibits a pair of leaves of the 
dimensions indicated on the old wood near the base, and a 
young flowering branch from the base of a fruiting panicle. 




Fig. I. Miconia turgida Gleason, stamens X 7 - 5 - 
Fig. 2. Killipia quadrangularis Gleason, portion of inflorescence, 
natural size. 


On the latter the leaves are smaller, and the members of each 
pair unequal in size, varying from 65 by 23 mm. to 90 by 40 
mm, for the smaller, and from 120 by 48 mm. to 150 by 62 mm. 
for the larger, the smaller pairs being the uppermost. In these 
the petioles range from 10 to 16 mm. long. The fruit is globose, 
6 mm. in diameter. The plant bears a superficial resemblance to 
M. sciitata Gleason, but belongs to the section Chaenopleura. 
Under the artificial disposition of the species in Gogniaiix’s 
monograph, it stands near species 494 to 498, and differs from 
them in the leaves acute at base and in numerous details of 
structure. ■ 

, Miconia Cladonia n. ■■ sp.' Tall 'shrub or low:tree; stems 
nearly terete, sparsely . furfuraceous. when,' young wdth'.Tree^^ 
branched hairs nearly x mm. long, glabrescent and verrucose in 
age; petioles' stout, 6-10 mm. " long, pubescent' 'like the'stem ; 
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leaf-blades broadly elliptic to obovate-oblong', or rarely oblong- 
ovate, thick and firm, 4.5-7 cm. long, 23-36 mm. wide, abruptly 
subaciiminate, spinulose-denticulate with appressed teeth (4 or 
5 teeth per cm. of margin, nearly i mm. long), broadly acute 
at base, dark yellowish-green and glabrous above, pale yellow- 
green and minutely punctate on the surface beneath and con¬ 
spicuously tomentose along the veins with freely branched 
hairs about 0.5 mm. long, 3-nerved, the veins lightly impressed 
above, elevated beneath, the veinlets obscure above, barely 
prominulous beneath, the tertiary veinlets invisible; panicles 
sessile, congested, 4 cm. long, the rhachis and branches 4-angled, 
pubescent like the stem; pedicels 0.7 mm. long, minutely pubes¬ 
cent, or many flowers sessile; bracts elliptic, 4 mm. long, 1.6 
mm. wdde, brown, acute, densely ciliate; flowers 5-merous; 
hypanthium obconic-campanulate, yellowish-green, 2.1 mm. 
long, minutely punctulate; sepals semicircular, 0.6 mm. long, 
1.3 mm. wide, the free margin scarious, somewhat erose-den- 
ticulate, exterior teeth triangular, as wide as the sepals, 0.3 
mm. long, minutely and acutely apiculate; petals white, obo- 
vate-rotuiid, 2.5 mm. long, 2 mm. wide; filaments 2,6 mm. long, 
0.5 mm. wide at the base, gradually attenuate to 0.2 mm. 
wade at the apex, slightly bent at three-fifths of their length, the 
lower portion somewhat turgid, the upper nearly terete; anthers 
1.2 mm, long, obovate, opening by a triangular notch 0.5 mm. 
wide by a third as deep, the anther-sacs minutely prolonged at 
base, connective strongly thickened on the back, prolonged into 
an ovoid spur 0.2 mm. long at the base posteriorly; ovary 
glabrous at the summit, ovoid, prominently elevated around the 
style; style straight, terete, glabrous, 3 mm. long; stigma capitate, 
0.7 mm. in diameter. 

Type, Pennell 7544, collected in the shrub zone ('^para- 
millo’’) on Mount El Trueno, Dept. El Cauca, Colombia, alt. 
2700-3000 m., 29, 30 June 1922,Tind deposited in the herbarium 
of the New York Botanical Garden. Other specimens, agreeing 
with the type in every respect except minor details of dimenvsions, 
and all from El Cauca, are Pennell 7529, same locality, altitude, 
and date, Pennell 7498, shrub zone on Mount El Derruiiibo, 
alt. 2700-3000 m., 29 June, 1922, and Pennell Killip, 7434^ 
bushy forest, ^'San Jose,San Antonio, alt. 2400-2700 m., 
28 June, 1922, The characteristic features of the plant are its 
yellowish-green foliage and the prominent zones of branched 
hairs along the veins. Under the lens these hairs resemble the 
reindeer moss, and have suggested the specific name. It is a 
member of the section Chaenapleura, and closely related to If. 
flavescens Cogn., of Bolivia. In the latter the leaves are rounded 
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or siibcordate at base, somewhat 3-pli-nervecb and closely 
furfuraceous along the veins; the stem is densely brown-fur- 
furaceous when young, the bracts are none or cadiicoiis, and 
the flowers are on pedicels 1-3 mm. long. 

Clidemia cymosa n. sp. Stem shrubby, apparently erect, 
terete, hirsute or subhispid with straight, spreading hairs 1.5-2 
mm. long, and also short-pubescent around the nodes; petioles 
stout, 5 mm. long or less, densely hirsute with spreading hairs 

2.5 mm. long and also puberulent; leaf-blades membranous, 
broadly round-ovate, abruptly acuminate, conspicuously and 
irregularly dentate (4-6 teeth per cm. of margin, 0.5-2 mm. 
high), cordate at base, 7-nerved, the larger with an obscure 
additional pair, upper surface plane, sparsely hirsute with 
straight hairs 1-1.5 mm. long and also minutely puberulent 
when young, lower surface hirsute, especially on the veins, with 
white hairs mostly 0.7 mm. long; cymes axillary, freely branched, 
lax and open, 20 cm, long, 15 cm. wide, hirsute like the stem, 
the ultimate branches bearing mostly 2 flowers on pedicels 
4™5 nim. long; flowers 4-merous, bracted by several stout 
setae 3-4 mm. long; hypanthium narrowly obovoid-oblong, 
5 mm. long, sparsely setose and closely and minutely tomentu- 
lose; sepals membranous, depressed-ovate or nearly semi-circular, 
0.7 mm. long, tomentulose, the exterior teeth stout, spreading, 
conic, 1.3 mm. long, setose, tomentulose; petals apparently 
white, obovate-oblong, 2.3 mm. long, 1.7 mm. wide, rounded 
at the apex, glabrous; stamens 8; filaments stout, flattened, 
2.4 mm. long, 0.7 mm. wide; anthers linear, 3.5 mm. long, taper¬ 
ing to the apex, iinappendaged; ovary truncate, glabrous, 4- 
locular; style stout, terete, 5.5 mm. long; stigma capitate. 

Type, Pennell 1510, collected on a moist bank, Villavicencio, 
Intendencia Meta, Colombia, alt. 500 m., 26'~3i Aug. 1917, 
and deposited in the herbarium of the New York Botanical 
Garden. The leaves vary in size in each pair. The largest 
leaf, the opposite of w^hich is missing, measures 20 cm. long by 

15.5 cm. wide; a second pair measures 19 by 11.5 and 12 by 7.5, 

' and another set is 10 by 6 and 7 by 5 cm. ,The collector noted. that 
the fruit was fleshy and purple. C. cymosa is most closely related 
to C. impetiolaris Cogn, and C. ciliata D. Don, notwithstanding 
the fact that a difference in the number of leaf-nerves led Cogni- 
aux to place these two species a few pages apart in his monO“ 
graph. Our species is distinguished by the setose or hirsute 
pubescence, the almost entire absence of stellate pubescence, 
the larger leaves and cymes, and the shorter external teeth of 
the ' calyx. ', 
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Kiliipia n. gen. 

Flowers 5-meroiis, pedicelled, in axillary bracted cymes 
fascicled in the axils; hypanthium broadly campaiiulate; sepals 
erect, with small exterior teeth; petals yellow, broadly ovate, 
obtuse, incurved at the summit; stamens ail alike; anthers oblong, 
truncate, opening by a large terminal pore, minutely tuberciilate 
at base; connective slender, not prolonged at base, with two 
minute, ovoid, saccate appendages on the dorsal side; filaments 
articulated directly to the anthers, curved, thickened below, 
tapering to the summit; ovary inferior, its summit depressed 
conic, glabrous; style straight, stout; stigma punctiform. 

Kiliipia quadraxigularis n. sp. Arborescent; the branches 
stout, glabrous, acutely quadrangular or narrowly 4-alate, 
the intemodes 10-15 when young, lengthening in age 

to 25 mm,; leaves opposite, the members of each pair essent!£iliy 
equal; leaf-blades stiff, thick, narrowly elliptic-oblong, 9-13 
cm. long, 20-28 mm. wide, strongly ascending, acute, subre- 
volute, minutely setulose-serrulate with appressed teeth (about 
3-8 teeth per cm. of margin, o.1-0.2 mm. long), gradually 
narrowed below to a short, stout, flat, winged petiole 8-10 mm. 
long b3'^ 2-3 mm. wide, strongly 3-neived, with an additional 
obscure intramarginal pair, upper surface dull yellowish-green, 
glabrous, rugose with strongly impressed veins and lightly 
impressed, crooked, reticulate veinlets, lower surface red, the 
strongly elevated veins and reticulate plane veinlets black, 
glabrous, the petiole and nodes thinly fiirfiiraceous; cymes 3-5 
in each axil, about 2 cm. long, 3-flowered, bearing two bracts at 
the base of the lateral pedicels and two below each flower; 
bracts red, linear-elliptic, 5-7 mm, long, 0.8-1 mm. wide, 
narrowed to both ends, sparsely setulose-ciliate; pedicels red, 
5 mm. long, jointed at the middle; hypanthium reddish, broadly 
campanulate, 2.1 mm. in diameter, 1.8 mm. long, obscurely 
ribbed, glabrous; sepals ovate, 1.6 mm. long, 1.2 mm. wide, 
broadly rounded or truncate at the apex, glabrous, the exterior 
teeth stout, closely appressed, triangular, acute, i miii. long, 
0.6 mm. wide; petals yellow, broadly ovate, 5 mm. long, 3 mm. 
wide, membranous, rounded at the* apex, glabrous; stamens 
10; anthers 2-celied, oblong, slightly broadened distally to the 
truncate apex, 1.2 mm. long, 0.4. mm., wide, minutely tubercu- 
late at, base, the appendages of the connective 0.2' mm. long; 
filaments sigmoid, 1,5,mm. long, 0,4 mm. wide below, tapering 
to a terete'summit 0,15 mm. in diameter; ovary, half as .long as 
the'hypanthium, its summit obscurely lo-ribbed;..style' terete, 
2,5 mm. long, 0.35 mm. in diameter, glabrous; stigma punctiform; 
fruit, unknown.'. Fig. 2, page, 453. 

: Typey 'KilUp 8007, collected in the forest at Gallera/'^ 
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Micay Valley, Dept. El Cauca, Colombia, alt. 2200-2600 ni., 
and deposited in the herbarium of the New York Botanical 
Garden. 

Notwithstanding the lack of mature fruit or seeds, Killipia 
is obviously a member of the tribe Miconieae, as shown by the 
structure of the stamens, the inferior ovary, the presence of 
exterior calyx-teeth, and the lateral cymules. It is distinguished 
from Ossaea, Henriettella^ and Myriaspora by its obtuse petals; 
from Loreya by its differentiated sepals; from Ilenrieftea by its 
truncate anthers; from Microphysca by its wingless hypanthium 
and absence of formicaria; from Myrmedone^ by its 5-merous 
flowers; from Maieta by its quadrangular branches; from 
Bellucia by its small flowers and external calyx-teeth; from 
Mecranium by the absence of a prolonged connective; and from 
CUdemia by its stout anthers and glabrous flowers and foliage* 

Ossaea grandifolia n. sp. Section Octopleura; probably 
arborescent; branches stout, brown, terete or nearly so, glabrate; 
leaves Arm, oblong-obovate, 30-35 cm. long, 12-15 cm. wide, 
attenuate at base along the stout petiole almost to its base, 
entire, rounded at the apex, glabrous above, minutely puberulent 
along the midvein beneath, distinctly 5-pli-nerved, the lateral 
veins arising about 25 and 40 mm. from the base, veiniets 
conspicuous, 6-7 mm. apart; panicles 10 cm. long, densely 
furfuraceous, the branches spreading; flowers sessile, q-merotis; 
fruiting hypanthium depressed-globose, strongly 8-ribbed, 
minutely stellate-puberulent, 2 mm. long. 

Type, Killip 5120, collected in forest at Cordoba, Dept. El 
Valle, Colombia, alt. 80-100 m., 6, 8 May 1922, and deposited 
in the herbarium of the New York Botanical Garden. Although 
the specimen unfortunately bears no flowers, and notwith¬ 
standing the fact the the single panicle appears to be terminal, 
I have placed this interesting plant in the genus Ossaeaihecau&e 
of its strongly ribbed fruit and general resemblance to 0 * diver- 
sifolia.' It differs from this species in its glabrous foliage and 
4-merous flowers. , . . . 

Blakea fasciculata n. sp. Fruticose; flowering axes subterete, 
minutely and closely furfuraceous, the internodes 10 cm/long; 
petioles stout, 6 cm. long, finely striate, sparsely and minutely 
furfuraceous; leaf-blades broadly elliptic to elliptic-obovate, 
membranous, 15-18 cm. long, 8-10.5 cm. wide, rounded above to 
a triangular cusp 5 mm. long, minutely denticulate (teeth 
salient, blunt, 0.2 mm, high, 3 or 4 per cm. of margin), rounded 
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or barel\'^ siibcordate at base, 7’nerved, the veinlets somewhat 
ascending, 2-5™3 m,m. apart, glabrous on the surface, niiiiuteiy 
furfiiraceoiis on the veins and on the veinlets beneath; flowers 
6-meroLis, in crowded axillary fascicles, on 4-angled, minutely 
furfuraceous pedicels 1-2 cm. long; bracts 4, separate, closely 
surrounding the calyx in bud, somewhat surpassing the sepals 
in anthesis, obovate, obtuse or subacute, narrowed to the base, 
minutely furfuraceous, obscurely nerved; hypanthium broadly 
campanulate, 5 mm. long, glabrous, 12-ribbed within between 
the ovary and the staminal torus; sepals firm or coriaceous, 
brown, ovate-triangular, 3,5 mm. long and wide, obtuse, gla¬ 
brous; petals pink, 12 mm. long, minutely ciliolate, otherwise 
glabrous, longitudinally nerved; stamens all alike, strongly 
indexed: anthers connivent, stout and thick, oblong-elliptic, 
5 mm. long, 2.5 mm. wide, laterally flattened, rounded at the 
summit, opening by minute terminal pores; connective thick, 
not prolonged below the anthers, the posterior spur stout, conic, 
1.5 mm. long, wuinkled, apiculate, channeled on the anterior 
side; filaments flat, 5 mm. long, 1.3 mm. wide, tapering slightly 
to the summit; ovary inferior, the summit conic around the 
depressed center, sharply 12-ribbed, each rib ending in a minute 
erect free lobe; style terete, straight, 12 mm. long; stigma 
punctiform. 

Type, Pennell 4466, collected in forest at Antizales, Dept. 
Bolivar, Colombia, alt. 1200-1600 m., 25, 26 Feb. 1918, and 
deposited in the herbarium of the New York Botanical Garden. 
Apparently related to B. latifolia (R. & P.) D. Don, but differing 
in its larger leaves and calyx and in its leaves rounded at base. 

Blakea brachyura n. sp. Arborescent; branches terete or 
nearly so, glabrous; petioles stout, 10-15 long, glabrous or 
verrucose; leaf-blades dull green, thick and firm, broadly el¬ 
liptic, the largest 77 mm. long by 45 mm. wide, abruptly acumi¬ 
nate into an apical cusp 5-7 mm. long, entire, obtuse at base, 
5-nerved, the veinlets obscure, 0.3-0.5 nim. apart, g abroiis on 
both sides, minutely and densely punctate above; flowers 6- 
merous, solitary or paired in the upper axils, on somewhat 
verrucose pedicels 20-35 mm. long; bracts 4, broadly rounded, 
coriaceous, or chartaceous at the margin, glabrous, the outer 
pair somewhat connate at base, 4 mm. long, the inner pair 5 
mm. long; hypanthium coriaceous, broadly campanulate, 6 
mm. long, the sepals obsolete; petals white, 9 mm. long, abruptly 
widened at the middle from a darker base to a membranous 
acute tip 7 mm. wide; anthers narrowly oblong, 4.5 mm. long, 
opening by 2 terminal pores, the stout connective prolonged 
at the base posteriorly into a subulate spur 0.7 mm. long; 
filaments stout, narrowly elliptic-oblong, 3 mm. long, 0.7 mm. 
wide. , ’ ' ' 
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Type, Pennell 10,^42, from the edge of the forcvst at Buenos 
Aires/’ north of Supia, Dept. Caldas, Colombia, alt. 2000-2200 
m,, 18, 19 Sept. 1922, and deposited in the herbarium of the New 
York Botanical Garden. It is related to Blakea rostrata O. 
Berg, a Peruvian species with more caudate leaves, shorter 
pedicels, and more pubescent pedicels and bracts. 

Blakea quadrifiora n. sp. Glabrous throughout; stems 
woody, subterete, or somewhat flattened below the nodes; 
petioles 3 cm. long, strongly channeled above; leaf-blades 
membranous, bright green, broadly elliptic or slightly obovate, 
16 cm. long, 10.5 cm. wide, rounded to an abruptly cuneate 
base, entire, rounded above to a triangular apex 3-5 mm. long, 
5-nerved, the nervules mostly 2 mm. apart; flowers 6-meroiis, 
in opposite axillary fascicles of 4; pedicels strongly flattened, 
somewhat broadened upwards, 25-35 mm. long; bracts 4, free, 
pale green, broadly obovate from a cuneate base, rounded or 
minutely apiculate at the apex, both outer and inner about 

1 cm. long; hypanthium short-cylindric or broadly campanulate, 
6 mm. long and the same in diameter; sepals reduced to callous 
teeth 0.3 nim. long; petals white, broadly rotund, 5.5 mm. long; 
anthers coherent in a ring, broadly oblong, 3 nim. long, with a 
minute basal protuberance; filaments as broad as the anthers, 

2 mm. long; style narrowly conic, 5 mm. long. 

Type, Hitchcock 21,160, collected between La Chorita and 
Portovelo (Gold Mine near Zaruma), Prov. ( 3 ro, Ecuador, alt. 
1000-2000 m., 28 Aug. 1923, and deposited in the herbarium 
of the New York Botanical Garden. Related to species 8 to 13 
in Cogniaux’s monograph, of which only B. latdfolia (R. & P.) 
D. Don and B. podagrica Triana are glabrous: of these two the 
former has solitary flowers and the latter long-acuminate bracts. 

Topobea altemifolia n. sp. Probably arborescent ; branches 
slender, terete or nearly so, the leafy twigs conspicuously zigzag, 
thinly but closely fiirfuraceous-tomentulose when young, 
becoming glabrate with age, the upper internodes about i em. 
long; leaves alternate; petioles slender, channelled above, 
minutely furfuraceous on the back, 7-10 mm. long; leaf-blades 
thin, oblong-elliptic to oblong-obovate, abruptly acuminate 
into a linear-caudate apex, entire, cuneate at base, glabrous and 
shining on both sides, 5-pli-nerved, the veinlets conspicuous, 
about I mm. apart; flowers 6-merousV axillary, solitary, on 
strongly furfuraceous pedicels 20-25 mm. long; hypanthium 
globose, furfuraceous, 3 mm. long, much exceeding the 4 minute, 
broadly rounded, furfuraceous bracts; calyx prolonged about i 
mm; beyond the hypanthium, the sepals triangular, thinly 
furfuraceous, 1.5 mm.' long. 
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Type, KiUip 5125, collected in the forCvSt at Cordoba, Dept. 
El Valle, Colombia, alt. 80“-ioo m., 6, 8 May 1922, and de|:)osited 
in the herbarium of the New York Botanical Garden. The 
leaf-blade ivS 25-35 mm. wide by 60-90 mm. long, of which 10-20 
mm. is included in the'conspicuous linear tip. The pedicels 
arise not only from the axils of the developed leaves, but also 
opposite them, in the axil of the abortive leaf. T. alternifolia 
is related to the last three species of Cogniaux’s monograph, 
all of which have leaves rounded or cordate at the base and the 
smaller leaf of each pair present, as well as differing in other 
details. 



A critical consideration of Hagstrom’s work on Potamogeton‘ 

Harold St. John 
(with a text figure) 

In the Swedish periodical cited below^ the late Dr. J. O. 
Hagstrom published a monograph of the genus Potamogeton, 
This is by no means the fii'st, for during the last thirty-one ^i^ears 
there have been five such general treatments, by Morong, Fryer, 
Fischer, Ascherson and Graebner, and Taylor. 

At least one copy of Hagstrom’s work must have reached 
the United States soon after its publication in 1916. In the 
Botanical Gazette a short review or notice by J. M. C. [oulter] 
was printed in 1917.^ The blockade of the North Sea, however, 
cut off the importations, and none of the libraries available to 
the writer in Boston were able to obtain a copy at that time. 
In 1918 and 1919, when in Paris, the writer renewed efforts to 
see Hagstrom’s publication, but no copies were available there. 
Not until 1922 was his attempt to purchase a copy successful. 
A revieAV of this paper was published in 1919 by the English 
specialist Arthur Bennett,'^ but it includes almost entirely dif¬ 
ferent material from that presented here. 

The object in reviewing Hagstrom’s Critical Researches” 
is to point out its resemblances and divergencies from previous 
monographs, and particularly to scrutinize the treatment of the 
North American species, 

Hagstrom’s studies on Potamogeton began in 1891, He made 
collections in the field, and studied those available in the prin¬ 
cipal herbaria in Sweden, Norway, and Denmark. He seems 
to have had all the important literature on the genus available. 
Judging by the specimens cited, these herbaria contain abundant 
material from the Scandanavian countries, a moderate amount 
from England, Germany, and the rest of Europe, and only small 

^ Contribution from the Botany Department, State College of Wash¬ 
ington, No, I. ' ■ 

2 Hagstrom, J. 0 . Critical Researches on the Potamogetons. Kungl, 
Svenska Vetenskapsakademiens Handlingar 55 ^: 1-281. f, x—iig, i N 1916. 

2 got. Gaz. 64 : 87-88. 1917. 

^ Trans. Proc. Hot. Soc. Edinburgh 27 : 315-326. 1919. 

■■ 461 ■ , 



462 BULLETIN OF THE TORREY CLUB [vOL. 52 

coliectioiis from Africa, Asia, Australia, South America, and 
North America. The number of specimens from the latter area 
is small. The portions of this continent represented are prin¬ 
cipally New England, and to a lesser extent the North Atlantic 
states, the upper Mississippi valley, and Ontario. The col¬ 
lectors in most cases were Tuckerman, Robbins, Faxon, and 
Morong. In many cases the data are incomplete, the localities 
being simply Nov. Aftgky or Nov, Ebor. 

In the introductory portion, Hagstrom gives a lengthy de¬ 
scription of the morphology of the genus. The external mor¬ 
phology is well covered, as has been done by previous authors. 
The internal morphology of the plant in general, and of the leaf 
and stem in particular is treated at equal length. He describes 
the nature of the stem, and particularly as to its epidermal ceils, 
its endodermis, and its stelar arrangement. He tells of the 
varying types found in this stele at the nodes, internodes, at 
different internodes on the same stem, and in stranded or floating 
stems of the same plant. Cross sections of the stem for system¬ 
atic classification should be cut, he says, “at about the middle of 
the spike-bearing shoot.’'^ 

Hybridity in the pondweeds is then discussed. As hybrids 
are admittedly difficult to determine and demonstrate, Hagstrdm 
states the criteria he used in their recognition. These are, 
briefly: more or less sterility; more or less deformity or abortion 
in the stamens and pistils, and especially imperfect pollen; oc¬ 
currence but rarely and that within the known range of both 
parents; and all characters of the plant reproducing those of one 
or the other parent, or being intermediate between them. 

The systematic enumeration follows, consisting of two sub- 
genera, five sections, 26-subsections, 138 species, and a large 
number of hybrids. At this point the reader meets a serious' 
difficulty. , There is no key of any kind. In order to identify 
a PotamogeEn, it is necessary to read' every page of this work, 
and ' practically memorize them. By elimination it is often 
possible to go directly to the subsection including a particular 
plant, but even this is not always possible, for P. pectinatus and 
P. filiformis are put in different subsections, while P. pusillus 
and'P. panormitaniis are put in different series. No' bibliog- ' 
raphy of books consulted is included. 

.fHagstrom, 8, 
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Under each species, the important syiionomy is given. Then 
comes a description of the gross morphology including the parts 
usually employed in distinguishing the species. Next follows a 
description of the internal morphology, especially of the stem 
and leaves. In most cases the pollen is not described. In a 
few it is said to be globose and small, or large. No illustrations 
of the pollen grains are given. It is not stated whether species 
having large pollen grains show the same number of chromo¬ 
somes as those with small pollen grains. As a matter of fact 
no statement of chromosome number is to be found. Hence a 
student trying to recognize hybrid plants, as does Hagstrom, 
by their pollen, would have to investigate for himself not only 
the few species suspected, but all of the species in the area to 
determine their characteristics. Illustrations are included for 
nearly all of the species. They are text figures from line draw¬ 
ings. These show the shape and veining of the leaves fairly 
well. For a monograph promulgating a classification based 
largely on stem anatomy, the illustrations of the stem cross- 
sections are not detailed enough. These represent the stem by 
its outline, the outline of the lacunae, and areas of cross-hatching 
to represent the fibro-vascular bundles. A statement of its 
range finishes each species. In most cases this is based only on 
specimens examined, so that many citations are given in northern 
Europe, a small number eisewdiere, and in North America very 
few. For North America the range is often quoted from Morong, 
or Robinson and Fernald in Gray's New Manual, but occasionally 
stated only as North America. Several species widely^ distrib¬ 
uted and long recognized as North American plants, are not 
listed from that continent. 

The. North American species of Potamogeton are recognized 
by^ Hagstrdm largely ms has been, customary. ’Since it is wSiidi 
a laborious task to find out what lie does do' with a species,, ai' 
summary ."will, be given here. Species treated by Hagstrom, as 
in, "current .manuals or the. most recent Ttms\ons:PPotum>ageimi^ 
alpinus, P, amplifolms, P. bupleuroides, P, ccnfervoides.P: crispus^ 
P, dmorph'us', ,P; foHostiSy P, Tlillii, P. ■iUinoensis, ' P,. lucens^' 
P. natans.P, Oakesianus, p. obtusifoUus] P. perfoIialuspP, poly- 
ganifoHus, P. praelongus, P. palcher, P. pusilhisyPpMchardsonii, ■ 
P. Robbinsii, P. rutilus, P, sirictifolins, "P. Vaseyij and'P.. zosleri-' 
folius. 
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P. americanus, var. mvaeboracensis is listed in the index as 
P. novaehoracensis, but the reviewer has been unable to find it in 
the text. P. pectinatus is not listed for North America, except 
as the var. zosteraceus^ which is what he calls our P. latifolms. 
P. inter riipt'us is called P. pectinatus^ var. diffusus^ f. interruphiSy 
but is not recorded for North America. P. acutifolius is not 
credited to the United States, but the old specimen from Lan¬ 
caster is not discussed. He argues that there are no differences 
but size between var. niagarensis and var. californicus of P. 
foliosus and that they should be fused. He records P. fiUformis, 
f. luxuriosus from Riv. St. Mary, Michigan. This seems to be 
one of the specimens listed by the present writer in Rhodora 18 : 
^35* 1916 as var. borealis, Hagstrom maintains P. fiUformis, 

var. occidentalism although no new interpretation or new stations 
are given. On page 134 of the above cited article, the writer 
discounted the value of this variety. For P. Friesii the name 
P. mucronahis Schrader is adopted, as is done by Graebner in the 
Pflaiizenreicli. P. panormitanus is maintained as a species, 
instead of as a synonym of, or a subdivision of, P. pusillus, P. 
Aschersoniim a South American species is here recorded from 
Cuba, Sable Island, Nova Scotia, and from Newfoundland. For 
P. epihydrus the name P. Nuttallii is adopted. He argues that 
as Rafinesque described his plant as with‘‘foliis . . . siibmersis 
subcordatis” this name must be rejected as not applicable. For 
P. fiuitans of Europe he adopts the name P. nodosus, and makes 
P. america/nus a synonym, but without discussion of the char¬ 
acters that have led Morong, Fryer, Taylor, Robinson and 
Fernald to treat it as a distinct American species. For P. heiero- 
phyllus he adopts the older Linnaean name P, grammeus, as is 
now' done by Graebner and other Europeans, a procedure which 
has more recently been taken up by Americans, as Fernald, and 
House, " 

Hagstrom describes the following new plants from the 
United States and Canada, 

P. vaginatus Tiircz., var. canadensis Hagstr. n. var. This is the same 
plant described four months earlier by the present writer as P. monili^ 
formis St. John, and later reduced to the synonomy of P. vaginatus. 
Turcz. 

P. pectinatus L., var, zosteraceus (Fries) Hagstr. n. comb. 

P. lacunatus Hagstr. n. sp. This is a segregate of P, pusillus and is 
recorded from Anticosti to Massachusetts. 
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P. lacunatLis Hagstr., f. Novae-Angliae Hagstr. n. f, A slender form of 
the preceding. 

P. conjugens Hagstr. n. sp. This is a segregate of P. hybridus or diver si- 
folius. It is recorded from New Jersey, Pennsylvania, and San 
Louis Potosi. 

P. pulcher Tuckerm., f. amphibiiis Hagstr. 11. f. A form without sub¬ 
mersed leaves, found in Massachusetts, Rhode Island, and-Delaware. 

P. rotundatus Hagstr. n. sp. This has floating leaves and lanceolate 
submersed leaves. It is listed from Nebraska, New Mexico, Cali¬ 
fornia, and Chihuahua. 

P. cayugensis (Wieg.) Hagstr. n. comb. 

P. illirioensis Morong, f. rosulatus Hagstr. n. f. This plant from Florida 
has very short internodes. 

P. illinoensis Morong, f. homophyllus Hagstr. n. f. This lacks floating 
leaves. It is recorded from Michigan, Texas, and Michoacan. 

Reference has been made to Hagstrom’s recognition of hybrid 
Potamogetons. Between the North American species, he recog¬ 
nizes 25 hybrids, 15 of these being described as new. In all 
cases where these hybrids have not also received a binomial 
name, he coins one. Furthermore, under a number of these 
hybrids he describes and names numerous subdivisions, varieties, 
and forms. For instance under P. gramineus X perfoliatus 
he desciibes 3 varieties and 27 forms, not all of which are 
American. A study of his description of these 25 hybrids reveals 
that in most cases he seems to have applied his various tests of 
hybridity. The pollen or most of it is stated to be imperfect, 
the pistils are more or less abortive, seldom setting fruit, the 
general characteristics of external and internal morphology 
mimic or are intermediate between those of the alleged parents, 
and the occurrence is stated within the ranges of parents. 

Let us examine, however, the treatment of one species, 
P. illinoensis and its hybrids. It is by all American authorities 
agreed to be a good species, but a very local one, restricted to a 
part of the Mississippi valley in western Illinois, eastern Iowa, 
and Minnesota. Hagstrom corroborates this range, but de¬ 
scribes two new forms, as noted in the list above, which extend 
the range very considerably, as they occur in Michigan, Min¬ 
nesota, Florida, Texas, and Michoacan in southern Mexico. 
The reviewer is by no means convinced that these new forms are 
properly placed under P, illinoensis» The Wheeler 02 from 
Pine Lake, Michigan, seems more like P. Jucensl At any rate, 
a plant without floating leaves from Texas and southern Mexico 
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does not sound very closely related to P. illinoensis. Likewise, 
judging' from the very brief description of f. rosulatiis, one can 
be very skeptical of its relationship with the local northern 
species. But to get back to the hybrids, Hagstrom describes 
hybrids of F. iUinoensis with five other species: P. amplifolius, 
lucens, nodosus, perfoliamSy and gramineus, as w^'eU as one with 
both gramdneus and lucens. The accompanying map shows the 
range of P. iUinoensis and the occurrence of these reputed 
hybrids, cross-breeds, bastards, or mules as they are called 
interchangeably.® The localities for these hybrids reach from 
Mystic Pond near Boston, and from New Haven, dear out 
to Griffin Lake, in the Gold Range Mountains of British 
Columbia. It should be noted that what is apparently the 
same plant from Griffin Lake. has recently been described 
as a new species, * P. methyensis A, Bennett.*^ The Mass¬ 
achusetts locality is 800 miles, and the British Columbian one, 
1000 miles in an air line from the nearest known station of P. 
iUinoensis. The description of each of these hybrids reads in 
a convincing manner. The external and internal morphology 
show intermediate characters, and the plants are for the most 
part sterile. The other alleged parent grows in the area or near 
it, but how was the crossing produced to form the hybrid at such 
a distance? The two stations in Minnesota are within the 
known range of P. illinoensiSy so that these plants might con¬ 
ceivably have had such a hybrid origin. The other eleven 
localities, it will be seen are in entirely different drainage systems. 
Those in Connecticut and Massachusetts are within a few miles 
of, and drain into, the North Atlantic. Those in Vermont, 
New York, Michigan and Ontario drain through the St. Law¬ 
rence River. Ciriffin Lake, British Columbia is in the Gold 
Range Mountains, and drains into the Pacific Oceait. Even if 
specimen is barren, and the stem has its vascular bundles ar¬ 
ranged somewhat differently, it has not previously been thought 
a necessary conclusion that it is a hybrid. In case a botanist 
determines a plant as a hybrid, on whatever ground, he certainly 


® The reviewer does not wish even to appear to make fun of Hagstrom's 
use of EngHsh, which is not always idiomatic or correct. It is alwa}^s ititel- 
ligible, and all English speaking botanists will appreciate his writing in it, 
AH new descriptions are in the universal botanical Latin, 

" ■ .^Proc, and'Trans. Bot. See. Edinburgh 29 U'■50-51, : 1924. 
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must bear the burden of the proof, showing at least that the 
alleged parent species are present. In these alleged cases of 
bastard plants, Hagstrom has not presented any proof. He does 
not discuss under any of these particular hybrids the method of 



Fig. I, Distribution of Fotamogeton illinoensis^ forms, and hybrids. 

1. Hachured area: range of Potamogeton illinoensis. 

2. Circle around dots: Florida: locality for forma rosulatus. Localities 
for forma hotnophylhis: Pine Lake, Michigan; Texas; Michoacan in south- 
western Mexico. 

3. Solid round dots: localities for P, illinoensu X Iticens: Mystic Pond, 
Massachusetts; New Haven, Connecticut. 

4. Circle: localities for P, illinoensis X perfoliatus: Queenston, Ontario; 
Griffin Lake, British Columbia. 

5. Triangle: localities for-P. amplifoUus X ilMnoensis: Buckingham, 
Quebec; Cedar Lake, Ontario, Bar Lake, Manistee, Michigan. 

6. Dotted area: localities for P. itlinoemis X nodoms: Ferris burg, Ver¬ 
mont; Little Otter Creek, Vermont. 

7. Cross: localities for P. grammeus X illinoensis: WenhaniV Massa- 
ciisetts; Green Lake, Chisago Co., Minnesota; without locality, Canada. 

8. Square: localities for P. gramineus X illinoensis X lucens: Glen wood, 
Minnesota. 

pollination.. To this disputed'point,he'makes mo", real Gontri-' 
bution, merely stating that the species in the subgenus 
are pollinated in the water/while those ' in' Eiipotamogeton are 
,p,olIinated 'by the wind.' ' Graebner''says, that, the .species 'with 
'flowers,borne at the surface .of'The''water „are wind-pollinatedv 
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while those submersed are pollinated beneath the surface of the 
water. Fryer suggested at one time that insects might cause 
the pollination of some of the species, but this has never been 
demonstrated. Assuming, for the sake of the argument, that 
all of these six species involved are wind-pollinated, would that 
make the occurrence of hybrids between them any more prob¬ 
able? The great cyclonic storms that sweep across the continent 
do have a constant direction from west to east. It might be 
that the strong wind would pick up pollen grains of P. illinoensis 
one day in the Mississippi valley, and the next day deposit them 
in Connecticut or Massachusetts. Similar cases have been 
recorded of pine pollen blowm hundreds of miles from the nearest 
knowm trees. But, will this explanation work both ways? 
How is the pollen from P, illinoensis in say Minnesota to be 
blown against the prevailing wdnds, across the great plains, 
across the Rocky Mountains, across the Selkirk Mountains, to 
Griffin Lake in the Gold Range Mountains of British Columbia? 
To the reviewer this seems preposterous. 

Yet this whole case is much like the one shown up by Fernald® 
in his review" of Forsaith’s paper which describes on the basis of 
imperfect pollen frequent hybrids betsween Epilobiuni angusti- 
folium and E, latifolium, Fernald points out that in their 
external morphology these plants showno intermediate characters 
and that the localities of these reputed hybrids often lack one of 
the alleged parents. He tabulates many where the nearest 
known locality for the other parent is hundreds of miles away, 
or even 1000 miles, as from Surrey, England, to Iceland. Need¬ 
less to say this casts a very serious shadow over the value of 
using imperfect pollen as a test of hybridity. To be sure Hag- 
strom (pp. II, 54) admits that P. RobbinsU has mostly sterile 
pollen, and rarely fruits, yet he positively maintains it as a good 
species; WTiting, 

It cannot be a hybrid between any modern species. Might not the 
sterile pollen and the scanty fruiting possibly suggest a survivor from times 
climatically more favorable to it than the present one? Might we not here 
have before us a dying species, now-a-days maintaining itself principally in a 
' vegetative, way? ' 

In some of our larger genera, for instance Rubus, the presence 

® Fernald, M. L. The assumed hybridization of Epilobium angusti- 
folium tLtid E. latifolmm. Rhodora 20: 6“io. 1918. 
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of imperfect pollen is of no value in separating the hybrids from 
the true species. Brainerd and Peitersen^ after prolonged study 
in the field, herbarium, in cultural plots, and by microscopic ex¬ 
amination, have separated the blackberries of New England into 
12 species and many hybrids. None of the 12 good species have 
100 per cent perfect pollen, and the majority of them have any¬ 
where from 60 to 90 per cent imperfect pollen. These cases, 
with the many others should demonstrate that the production 
of imperfect pollen, even a very high percentage of it, is no proof 
that the plant is a hybrid. 

An investigation of the literature of genetics will show that 
the degree of development of a hybrid depends on the nearness 
of relationship of the parents. A good statement of this varying 
completeness of growth of hybrid individuals has recently been 
given by Longley:^*^ 

Hybrids may have a short life, never developing beyond a few cells. 
Others may mature into organisms vigorous vegetatively, but unable to 
produce flowers and fruit. Others are capable of producing spore mother 
cells, but these fail to become tetrads. Some can carry out the reduction 
processes in a characteristic hybrid manner. In crosses between closely 
related species, pollen-formatipn shows few signs of irregularities, but the 
pollen shrivels. Finally there are hybrids between species so closely related 
that practically no incompatibility exists between the sex ceils, and they 
seem as normal as a typical homozygous species, [p. 313.] 

There seems no reason to question the sterile state of these 
alleged hybrids. Every herbarium is full of sterile specimens. 
That should cause no surprise to any collector who has hunted 
for fruiting pondweeds. If he happens to come along at the 
right time of year, if the water level Is not abnormal, if no man 
or animal has partially destroyed the plants, if he can get a boat 
or raft or can wade out to the required depth, he may find some 
Potamogeton in fmit, and he considers it a lucky day when he 
does. Hence the reviewer does not feel that barren or un¬ 
fertilized Potamogetons must be hybrids. 

Plagstrdm does not mention ever having grown any hybrid 
plants or producing them artificially under controlled conditions. 
It would take many years and ample facilities to breed these 

® Brainerd, E., 8 c Peiterson, A. K. Blackberries of New England—their 
classification. Vermont Agr. Exp. Sta. Bull. 217. 1920. 

A® Longley, A. E. Gytologicai studies in the genus Am. 

Jour. Bot. 11: 295-3I7. /. 1924. 
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perennial aquatics. To the best of the writer’s knowledge^ the 
only man to approach this was the English botanist Alfred 
Fryer, For many years in submersed pots, in tubs, and in 
shallow ponds, he grew and observed pondweeds. He did not 
make an intensive study of hybrids, but a number of them were 
raised and studied. In his beautifully illustrated book, his life 
work on Potamogeton, Fryer writes, 

The hybrids of Potamogetons are not like the hybrids of less variable 
plants; in some instances they may be constant enough to one type, but in 
others the variation seems to have no bounds. We hnd suggestions of not 
two, but many species, and it is impossible to suppose that these resemblances 
are accidental or uncontrolled by law. When by observation and actual 
experiment the law that governs the variation of cross-bred forms of this genus 
is discovered, wholly or in part, we shall probably get a clearer view of one of 
the modes by which “species” may ha\^e originated. 

On the other hand, Hagstrom writes on page 12, 

The hybrids must be studied according as Nature produces them. Cul¬ 
tivation and experiments in hybridization may not lead to great results as to 
the solution of this intricate question. A thorough study of the specimens 
already exactly known as to their origin is much more profitable for the pur¬ 
pose of a correct identifying of others. Rather soon you will learn in which 
way the one or the other species makes itself prevalent to its compartner, and 
to recognize the so-called intermediate properties. 

On the same page he writes, 

It has been proved that the hybrid PotamogetonAoYms can abide at the 
place where they have arisen for long spaces of time, while at last both the 
parents or either has become extinct and other species have occupied their 
place. ... It has happened that in a small river or on a spot very much 
retrenched four or five different hybrids partly entangled in one another have 
been met with. For instance in Giidenaa at Kongensbro in Jutland, From 
there I have, in my own herbarium, F, gramineus X natmis^ crispus X 
praelo7igtis, lucens X perfoliatuSj lucens X praelongus, and lucens X nodosus. 
P. nodosus itself is at present gone out in Jutland. 

Such observations and views as these are strongly at variance 
with those of Fryer, who spent so many years cultivating the 
Potamogetons. Why Hagstrom argues so strongly against using 
experimental breeding as the method of solving the hybrid 
problem is not quite clear. Throughout his monograph he 
shows ill his treatment of hybrids that he interprets them as 
best he can according to Mendel’s Law. If it was by controlled 

Fryer, Alfred, Bennett A., and Evans, A. H. Potamogetons of the 
British Isles lO. 1915. 
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experiment and recorded observations that Mendel unraveled 
the hybrid forms of the sweet peas, and if it is upon this well 
known law that dependence is placed, why does Hagstrom 
argue that breeding experiments would be such an unprofitable 
way to approach the same problem in the pondweeds? 

Potamogeton illinoensis has been used as a test. Hagstroiii's 
use of pollen sterility has not given convincing results. His 
recognition of intermediate characters in the appearance of the 
supposed hybrid has not served as a trustworthy'check. The 
ranges of the two supposed parents, although clearly stated, do 
not seem to influence his opinion. He is the first to make ex¬ 
tensive use of stem anatomy in identifying the species and 
hybrids of Potamogeton, The reviewer has no preconceived 
notions of its value. Still, Hagstrom places more emphasis on 
stem anatomy than on any other character of the plant. Judging 
by the dubious taxonomy derived, this new method seems of but 
doubtful help. It should not be inferred that the reviewer has 
been blind to a great deal of good material in this monograph, 
but it is thoroughly intermingled with the questionable. Through 
complete lack of any key, no short cuts are possible, and only a 
specialist familiar with the genus can winnow out the good from 
the bad. 

State College of Washington, 

Pullman, Washington 


The author of the foregoing paper has invited the editor to 
add a biographical note on this Swedish contributor to American 
botany.^ 

Johan Ovskar Hagstrdm, born 21 March i860, at Bettna, 
Stningnas, Sbdermanland, died 7 June 1922, at Vastra Emtervik, 
Varmland, Sweden. He became a student in Upsala University 
in 1879, took his examinations for holy orders in 1883, became 
curate in Lysvik in 1899, was appointed rector in Vastra Em¬ 
tervik in 1910, and rural dean in 1917. That a busy church¬ 
man should find time to become so well recognized as a specialist 
in Potamogeton that he was called upon to elaborate this genus 
for Neuman's Sveriges Flora (1901) and for Lindman's Svensk 
Fanerogamenflora (1918) is a matter of interest. In conversa¬ 
tions with botanists in Sweden during the past summer, I 
gathered that Hagstrdm's work in general was well regarded 
by them. A list of his papers, chiefly on Potamogeton nnd'Rup-, 
may be found in a brief account in Botaniska Notiser 
1922 1223,from which this notice is' mainly compiled.—T. E. H; 
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—IV. The genus Bmmeistera. Bull. Torrey Club' 52: 
93-104.' 25 Ap 1925. 

6 species and i combination described as new. 

Goe, L.,' Erickson, & Woollett, E. ■ An ecological study of 
'■Mud .Lake bog, Cheboygan county,. Michigan. Papers 
Mich. Acad. Sci. 4: 297-310. /. 4- 7 + map, F 1925. 

Goss, R.'.W., & Peltier, G. ,L.' ■ Further studies on the'effect of 
"environment on'potato degeneration diseases. Nebraska 
. Agr. Exp. Sta. Res. Bull. 29 :1-32. pi, 'j-7.,.' Ja 1925.., , 
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GratZi L« O. Wiie stem of cabbage. Cornell Agr. Exp. Sta. 
Memoir 85; 1-60. /. 1-/5 + pi, 1-7, Ja 1925. 

A strain of Coriicmni vagmii, 

Greenmaiii J* M. The age-and-area hypothesis with special 
reference to the flora of tropical America. Am. Jour. Bot. 
12 : 189-193. map. 23 Mr 1925, 

Gregory^ C. T. Disease resistant fruits and vegetables. Hoosier 
Hort. 7: 35-39. Mr 1925. 

Griffith, Jv P. Un estudio de variedades de aguacate para 
Puerto Rico. Rev. Agr. Puerto Rico 14: 213-218. Mr 

1925* 

Gussow, H. T« Seed treatment for disease control. Canada 
Dom. Exp. Farms Seasonable Hints 31: 9-10. Mr 1925. 

Haenseler, C. M. What of the pea root rot? New Jersey Agr. 
7:4. Ap 1925. 

Hamblin, S. F. American azaleas. Nat. Mag. 5: 289-290. 
My 1925. (Illust.) 

Hamblin, S. F, Plants and policies. Atlantic Mo. 135: 353- 
362. 'Mr 1925. 

Hamblin, S. F. White-robed shadbush. Nat. Mag. 5: 215- 
216. Ap 1925. (Illust.) 

Hansen, A. A. Something to be on your guard against. Better 
crops 3: 22-“23. F 1925. (Illust.) 

Hansen, A. A, ■ Bloodroot. Nat.- Mag. 5:' 282.' My 1925. 
(Illust.) ; 

Hansen, A. A. Two fatal cases of''potato poisoning. Science 
; IL 61: 340--34I. 27 Mr 1925. ' 

Ha“Reuben!, E, The lilies of the field. Torreya 25: 35-38. 

' , 22 Ap"i925. 

Harland, S. C. Some botanical problems of cacao. Froc. 
Agr. Soc. Trinidad & Tobago 25 : 5-10. Ja 1925. 

Harris, !, A., Hoffman,-W. F.,. & ■ Lawrence, !. V.-' Differentiai 
.: absorption of, anions by : varieties /of cotton., ;Rroc. --Soc. 

', Exp. -Biol. & Med.-22: ,350-352.','.Mr 1,925.' ,( 
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HarYey? R» Conditions for heat canker and sun scald in 
plants. Jour. For, 23: 392-394. Ap 1925. 

Hastings^ M. MacG. Wild flowers of the vicinity of Utica, 
Flow. Grow. 12: 172-173. Ap 1925. 

HawkinSj L« A» Investigations of the freezing of citrus fruits. 
Calif. Citrogr. 10: 181-182. Mr 1925. (Illust.) 

Hawkinsj R« S, Hydrocyanic acid as a toxic agent to plant 
growth. Jour. Am. Soc. Agron. 17: 169-171. /. i. Mr 
1925, 

Heppner, M, J. Breeding plants to resist insect and fungous 
attacks. Better Crops 3: 13-14, 30. Ja 1925. 

Holiick, A. Some plants concerned in the formation of coal. 
Jour. New' York Bot. Card. 26: 54-57. Mr 1925. 

Howitt, J. E. Important fruit tree diseases in Ontario. Farm 
Advocate 60: 420, 443-444. 19 Mr 1925. (Illust.) 

Howitt, J, E. A review of our knowledge concerning im¬ 
munity and resistance in plants. Ann. Rep. Quebec Soc. 
Prot. Pi. 16: 9-24. 1925. 

Illick, J. S. Important tree places in Pennsylvania—II. The 
forest of Sheerlund. For. Leaves 20: 24-25. Ap 1925. 
(Illust.) 

Jeffers, D. S., & Korstian, C. F* On the trail of the vanishing 
spruce. Sci. Mo. 20; 358-368. Ap 1925. (Illust.) 

Jensen, L P, Two native perennial plants for naturalizing. 
Parks & Recreation 8: 319-320. Mr-Ap 1925. (Illust.) 

Echinacea angusHfoUa and Pentstemon laevigatas. 

Jensen, L. P. Conservation of natural beauty. Card. Chron. 
Am. 29 : 71-72. Mr 1925. (Illust.) 

Johnson, J. Starting a new disease. Sci. Mo. 20: 331-334. 
Mr 1925. (Illust.) 

Johnston, I. M. Studies in the Boraginaceae—IV. The north 
American species of Cryptantha. Contr. Gray Herb. n. s. 
74:1-114. 22 Ap 1925. 

C. Mariposae and C. Traskae described as new species. 
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Kaufmanai B, P« The existence of double spiral chromatin 
bands and a ‘‘bouquet” stage in Tradescantia pilosa Lelim. 
Am. Nat. 59: 190, Mr-Ap 1925. 

Preliminary note. 

Hauffman, C. H« The genus Lepiota in the United States. 

Papers Mich. Acad. Sci. 4: 311-344. pi. 15-18. F 1925. 

4 species and i combination described as new. 

Keliernian, K. F. The low plant food value of peat. Bull. 
Green Sect. U, S. Golf Assoc. 4: 35-36, 16 F 1925. (II- 

lust.) 

Kiesselbach, T. A., & Petersen, N. F. The chromosome number 
of maize. Genetics 10: 80-85. P^' '‘Ja” 6 Ap 1925. 

Kiesselbach^ T, A., & Petersen, N. F. The occurrence of starch 
and erythrodextrin in maize and their segregation in the 
pollen of hybrids. Genetics 10 : 86-89. pk i. Ja” 6 Ap 

1925- 

Kinney, E. J., & Kenney, R. Lespedem in Kentucky. Univ. 
Kentucky Coil. Agr. Ext. Div. Circ. 179: 1-15. /. i-d. 
F 1925. 

Kramer, W. P. El arbol de Chaulmoogra. Rev. Agr. Puerto 
Rico 14: 137-147. F 1925. (Ilkst.) 

Kramer, W. P. El jardin arboreo de Arnold y el proyectado 
jardin arbdreo de Puerto Rico. Rev, Agr. Puerto Rico 
14: ■85*-87.' F '1925. ■ ■ 

Kubart, B* 1st Tsuga canadensis Carr, im polnischen Inter- 
glazial nachgewiesen Oder nicht? Osterr. Bot. Zeit. 74: 
102-114. " Ap-Je 1925. 

.Lampe, L,, & Meyers, M. T. ■ Carbohydrate storage in the en-' 
dosperm of sweet corn. ' Science II. 61:'2go-2gt. ' 13 Mr 

, '1925- 

Laurent, M. J; Contribution a F^tude du Pinus\ momphylta. 
Rev. Gen. Bot. 37: 5-22. 

ieighty, ,C, E., & Sando, . W. J* , A' handy pollen carrier. A' Jour. 

,. yH'ered. 16: 63-65. ■/. '22-23. 28 Mr 1925. 
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Leithi B, D« Sterility of rye* Jour. Am. Soc. Agron. 17: 129™ 
132. Mr 1925. 

Lesley^ J. W. & Mann, M. C, Triploidy in the tomato. Science 
II. 61: 208. 20 F 1925. 

LewtoEj F* L. Notes on the' taxonomy of American and Mexican 
upland cottons. Jour. Washington Acad. Sci. 15: 65-71* 
19 F 1925. 

Liggett, T. Cook Forest, A tract of primeval woodland that 
should be preserved for all time, Nat. Hist* 25: 91-93* 
Ja-F 1925. (lllust.) 

Lipman, C, B., & Teakle, L. J. H. Symbiosis between Chlorella 
sp. and Azotobacter chroacoccum and nitrogen fixation. 
Jour. Gen. Phys. 7: 509-511. 20 Mr 1925. 

Lloyd, F. E. The cobalt sodium hexanitrlte reaction for potas¬ 
sium in plant cells. Flora 118-119: 369-385. pL 5. 1925. 

Lombard, L, The post oak. Am. Bot. 31: 62-63. Ap 1925. 
Quercus oUimlohata, 

Long, W, H. Making the cottonwood be neat. Am. For. & 
For. Life 31: 144-146- Mr 1925. (lllust.) 

Love, H. H., & Craig, W. T. Results of experiments with oats 
in New York. Cornell Agr. Exp. Sta. Bull. 436: 1-24. 
/. 1-7. Ja 1925. 

McClain, 'R. L., Scab of Christmas berry, Photinia arlmPijvUa 
Lindl. due to Ftisicladium phoHniccla n. sp. Phytopa¬ 
thology 15: 178-182, /. I, 2. Mr 1925. 

MacDougal, D. T. Reversible variations in volume, pressure, 

' 'and movements of■ sap- in trees., Carnegie Inst. Wash. 
PubL 365: 1-90. f.i-13+ pL i-S^ 31 Mr 1925. 

MacDotigal, D.- T. ■ Tree trunks, growth and reversible vari¬ 
ations- in circumference* Science II* .61: 370-372* , 3 Ap 

- I925'.-,,,-- 

■ McBoii-gall, W* B.' ^ Symbio'sis in a deciduous forest. - 11.- Bot* 
-,.'Gaz. 79:95-102. j* '25'Mr,1925. 
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Mackenziej K* K. The name Sisymbrium. Rhodora 27: 28--‘32« 
'‘F” 20 Mr 1925. 

McNair? J. B. The taxonomy of poison ivy, with a note on the 
origin of the generic name. Field Mus. Nat. Hist. Bot. 
Ser. 4: 55-70. pi. 14-24. 14 Mr 1925. 

3 combinations and i form described as new. 

Mahetlx, G, Millardet, the creator of applied phytopathology. 
Ann. Rep. Quebec Soc. Prot. PL 16: 57-60. “1924” F 

1925- 

Mann, M. C. Chromosome number and individuality in the 
genus Crepis. Univ. Calif. Publ. Agr. Sci. 2: 297-314. 

pi. 53. 5 Mr 1925. 

Marschall, C. C. Differentiation of sporangia in Marsilia quad- 
rifoHa. Bot. Gaz. 79 : 85-94. /• 2-p. 24 Mr 1925. 

Marsh, R. P., & Shive, J. W. Adjustment of iron supply to re¬ 
quirements of soy bean in solution culture. Bot. Gaz. 79: 
1-27. /. 1-2. 24 Mr 1925. 

Martin, W. H. Plant diseases of New Jersey. (Fourth install¬ 
ment.) The history of plant pathology. New Jersey Agr. 
7: 3. Ap 1925. 

Maxson, A. C. The relation of soil to plant growth. Through 
the Leaves 13: 160-162; 208-211. Ap, My 1925. 

Melander, L* W. Common and Japanese barberry hybrids. 
Minnesota Hort. 53: 8I--83. /. 1,2. Mr 1925. 

Mell, C. D. La dasheen o malanga islena de Cuba. Hacienda 
20 : 118, Ap 1925. C ■ 

Colocmia aniigtmrwn. 

Meiior, E. M. The countries our drugs come from—XIV, 
Bolivia. Pliarm. Jour. IV. 60: 317-320. 21 Mr, 1925.; y, " 

Merriam, J. G. Scientific research applied to reforestation. 
Rep. Save the Redwoods League 1924: 27“29. 1925. 

.(Illust.),' ' ' 

■ Millar, , C. E. , The "feeding power- of, plants in different'.soi ,, 
, horizons., ■ Jour., Am. Soc. Agron.T7.: 150-1,56. : 1^4. ' Mr' 

1 : 925 - ' 
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Miller^ H. Preliminary^ studies on PleosphaeruHna briosiana. 
Am. Jour. Bot* 12: 224“237. f,i-‘/ + pL2i. 25 Ap 1925. 

Morinaga, T. Catalase activity and the aerobic and anaerobic 
germination of rice. Bot. Gaz. 79: 73-84. 24 Mr 1925. 

Mouslejj H* Further notes on the orchids, ferns and buttei flies 
of Hatley, Stanstead county, Quebec, 1924. Can. Field 
Nat. 39: 37"*39. ' 28 F 1925. 

Murrili, W. A. Ornamental plants of Gainesville, Florida. 
Jour, New" York Bot. Card. 26: 80-85. Ap 1925. 

O^Kanej W. C. Administration of crown gall investigation by 
the crop protection institute. Flor. Exch. 69: 787. 7 Mr. 

1925- 

Osterhout, G. E. g^mxs Hymenopappus in Colorado. Bull. 
Torrey Club 52: 105--107. ‘"Mr” 25 Ap 1925. 

Osterhout, W. J. V. On the importance of maintaining certain 
diflferences between cell sap and external medium. Jour. 
Gen. Phys, 7: 561-564. 20 Mr 1925. 

Otis, J. P. The southern distiibution of the hemlock. Jour. 
New York Bot. Gard. 26: 58-59. Mr 1925. 

Palmer, E. J. Synopsis of North American Crataegi. Jour. 
Arnold Arbor. 6: 5-128. Ja-Ap 1925. 

Perkins, A. T. The effect of bacterial numbers on the nodula- 
tion of Virginia soy beans. Jour. Agr. Res. 30: 95-96. 
I Ja, 1925. 

Peterson, W. H., Hastings, E. G., & Fred, E. B. A study of the 
principal changes which take place in the making of silage. 
Wisconsin Agr. Exp. Sta. Res. Bull. 61: 1-32. Ja 1925. 

Pittier,, H. Escallonia, Yale Univ. Sch. For. Trop.„ Woods. 

' Trop. Ser. L: 13. Mr 1925. 

Prain, D*, & Burkill, I. H. Diagnoses specierura novarum geiieris' 
Dioscoreae. Kew Bull. Misc. Inf. 1925: 58-66. 1925. 

Bioscorea (Sienophora) palawana from the Philippine Islands. 

Pritchard, P* J. Tomato wilt and varietal resistance. Seed 
World 17: 7-9. 27 FT925. (Illust.) 
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Qiiisumbiiigs E. On Alangium longifiomm Merr. (Malatapai): 
a promising wild tree of Mount Maquiling. Philipp. Agr. 
13 : 441-442. pL I. Mr 1925. 

Record^ S. Distribution of the species of Swietenia. Yale 
Univ. School For. Trop, Woods Trop. Ser. 1: 2-4. Mr 
1925. 

Record^ S» J. LapaclioL Yale Univ. .School For. Trop. Woods 
Trop. Ser. 1: 7-9. Mr 1925. 

Record, S. J. Lecythidaceae. Yale Univ. School For. Trop. 
Woods Trop. Ser. 1: 13. Mr 1925. 

Record, S. J. Preliminary check list of British Honduras woods. 
Yale Univ. School For. Trop. Woods Trop. Ser. 1: 14-16. 
Mr 1925. 

Record, S. J. Secretory cells in dicotyledonous “woods. Yale 
Univ. School For. Trop. Woods Trop. Ser. 1: 9-12. Mr 

1925* 

Reed, G. M. Sorghum. Brooklyn Bot. Card. Leaflets 13 
I-I2., /. j-j. 29 Ap 1925. 

Reed, G. M,, GriiEths, M. A,, & Briggs, F. N. Varietal suscep¬ 
tibility of oats to loose and cov^ered smuts. U. S. Dept. Agr. 
Bull. 1275: 1-40. pi. 1-3. Ap 1925. 

Richey, F. D., & WiUier, J. G. A statistical study of the re¬ 
lation between seed-ear characters and productiveness in 
corn. U. S. Dept. Agr. Bull. 1321: 1-20. 21 Mr 1925. 

Riley, L. A. M. Critical notes on Trinidad plants. Kew Bull. 
Misc. Inf. 1925: 133-142.. '^'1925. . 

3 species and I variety described as new. 

Riesie,. R.' Las infecciones del trigo. Preparemos eon tienipo 
los medios de prevenirlas. ■ Bob ,Soc. Nac. Agr., Chile. 56: 
•17-23. /. 1-5. Ja 1925. ' 

Robbins,, W,. , W. Some , fundamental v principles' ■ of' ■ plant, 
growth—IV. Principal substances taken into green plants 
and uses made of 'them.- .Through. the Leaves 13: 105-106'.'. 
Mr 1925;—V. Respiration or breathing of plants. Through 
"the Leaves, 13: 142-144., :'A'p'1925.', 
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Robinson^ B» L* Edward Lothrop Rand. Rhodora 27: 17-27. 
‘T” 20 Mr 1925. (Illust.) 

Born 22 All 1859. Died 9 O 1924. 

Robinsons C. H. Indian summer in the dunes. Flow. Grow. 
12 : 135-137* Ap 1925. (Illust.) 

RoMaUj E. F. The soft rot of pineapple in the Philippines and 
other countries. Philipp. Agr. 13:397--406. pi. 1,2. F 1925. 
TMelaviopsis paradoxa. 

Rowe, E. F. The water lily. Nat. Mag. 5:294-296. My 1925. 
(Illust.) 

NympJiaea sp. 

Rudolpli, B. A. Monilia blossom blight (brown rot) of apricots. 
California Agr. Exp. Sta. Bull. 383:1-55. /. J-io. F 1925. 

Russell, P. Americanizing the Japanese cherry. Am. For. & 
For. Life 31: 160-164. Mr 1925. (Illust.) 

Rydberg, P. A. Alpine flowers of the Rocky Mountains. Jour. 
New York Bot. Card. 25: 87-88. Ap 1925. 

Saeger, A. The grow^th of duckweeds in mineral nutrient so¬ 
lutions with and without organic extracts. Jour. Gen. 
Phys. 7: 517-526. 20 Mr 1925. 

St. John, H. Notes sur la flore du Labrador. Nat. Canad. 51: 
195-201. Mr 1925. 

Sargent, C. S. David Sears, tree planter. Horticulture n. s. 
3 : 164-165. 15 Ap 1925. (Illust.) 

Sargent, C. S. Notes on Crataegus. Jour. Arnold Arbor. 5: 

, 1-5. Ja-ApT925. 

I species, 2 varieties, and i hybrid, described as new. 

Sawyer, M. L* Crossing Iris psendacorus and Iris ' versicolor, 
Bot. Gaz. 79: 60-72. /. i5-10, 24 ^11925. 

Scarth, G. W. The penetration of cations into living protoplasm. 
Am. Jour. Bot. 12: 133-148. /. i-j. 23 Mr 1925. 

Schaffner, J. H. Experiments with various plants to produce 
change of sex in the individual. Bull. Torrey Club 52: 
■7 ■. 35 - 47 - : '‘F”'9 Mr,T925.' ' 
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Schaffneri H. Sex determination and sex differentiation in 
the higher plants. Am. Nat. 59: 115--127. Mr-Ap 1925. 

Schaffnerj J« What happened to the Pandanus bud sport? 
Jour. Hered. 16: 62. “F’’ 28 Mr. 1925. 

Mutation in Pandanus utilis, 

Schenk, P. J. De Californische druivenziekte. Floralia 46 : 
I48~'I49. 6 Mr 1925. (Illust.) 

Schmitz, H. Studies in wood decay—V. Physiological special¬ 

ization in Pomes pinicola Fr. Am. Jour. Bot. 12: 163-177. 
pL 8-10, 23 Mr 1925. 

Schmook, P. M. An exceptional example of wood endurance. 
Am. For. & For, Life 31: 224-225. Ap 1925. (Illust.) 
Fallen trunks of Sequoia sempervirens upon which are growing spruce 
and hemlock trees varying in age from i60"34O years. 

Scott, L. L, & Priestley, J, H. Leaf and stem anatomy of 
Tradescantia fluminensis Veil. Jour. Linn. Soc. 47: 1-28. 
/. I-JO. 5 F 1925. 

Setchell, W. A. Temperature and anthesis. Am. Jour. Bot. 
12 :i 78-‘I88. /. 1-4. 23 Mr 1925. 

Shull, J. M. Spathyema foetida, Bot. Gaz. 79: 45-59. pL 
1-4. 24 Mr 1925. 

Sideris, C. P. Studies on the behavior of Ftisantim cromyoph^ 
that an in carbohydrates, glucosides, pro teins and various 
decoctions, with a discussion on the fTvSometabolic point 
of substances. Phytopathology 15: 129-145. '‘Mr’* 1925. 

Simpson, C. T. Notes on Gongora gakata. Jour. Hered, 16: 
89-93. 13 Ap 1925. 

Small, J, K. A new varnish-leaf tree irom the,'Florida Leys. 
Torreya 25: 38-39. 22 Ap 1925, 

Dodonaea microcarya described as new spechs. 

Small, K. Silk-top thatch— Thrinax parviflora. Jour. N. 
Y. Bot. Gard. 26:49-54. /. j. Mr 1925. , 

Biographical footnotes by John Hendley Barnhart. 
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Smitfi^ E« F« Le cancer des plantes ou crown-gall. Rev. Bot. 
AppL 5: 97“ 105. F 1925. 

Resume par E. FoEx conference faite de 3 O 1924 devant la Soc. Path. 
Veg. de Paris. 

Smithj E. F. Les maladies bacteriennes des plantes. Rev. 
Gen. Sci. 36: 134-193. ■ 15 Mr 1925. 

Stakmaiij, E. C. Raspberry mosaic. Minnesota Hort. S3: 85- 
87. Mr 1925. 

Stancliff, J. O. South sea wild flowers. i\m. Bot.-31: 48’“54. 
Ap 1925. 

Standley, P. C, New plants from Central America—11. Jour. 
Washington Acad. Sci. 15 : 101-107. 4 Mr 1925. 

Many species described as new. 

Stout, A. B. Studies of Lythmm Salicaria —II. A new form of 
flower in this species. Bull. Torrey Club 52: 81-85. /• 
'‘Mr'' 25 Ap 1925. 

Stroman, G. N. Thirty-five years of close breeding. Joiuv 
Hered. 16: 87-88. /. 4. 13 Ap 1925. 

Maize in Texas. 

Stimmerby, R. A study of sizes of plats, numbers of replica¬ 
tions, and the frequency and methods of using check plats,, 
in relation to accuracy in field experiments. Jour, Am. Soc. 
Agron. 17: I40-I50. Mr 1925. 

Svenson, H. K. The white pine in. middle Tennessee. ■ Rhodora 
27: 27-28. “F"’ 20 Mr 192.5. 

Taylor, W, R. Chromosome constrictions as distinguishing 
characteristics in plants. Am. Jour., Bot. 12: 238-244. 
/. 1-525 Ap 1925. 

" Taylor, W« R, Cytological studies on IL A compari¬ 

son of the chromosomes of Gaskfia, Aloe, and Haworthia, 
Am. Jour. Bot. 12: 219-223. /. i-ij. 25 Ap 1925, 

...Teuscher, ,H. Morton Arboretum. Bull. Pop. Inf. 1: 1-4.- 
,22 Ap 1925. 

Thompson, W. P* "Cytological conditions--in,wheat in relation 
: to, the rust problem., Sci.'Agr. 5 : 237-239.-: , ApT-925.' ; 
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TuftSs W. P. & PMlp, G. L. Pollination of the sweet cherry. 
California Agr. Exp. Sta. Bull. 385: I-- 28 ./. Mr 1925, 

Twitchellj D. G., & Harris, M. B. Some results of the first 
season’s work at the university of Maine’s summer biological 
station at Mt. Desert Island (1924). Part 2. Pitch pine 
region, Pickett mountain. Maine Nat. 5 : 11-22. i Ap 
1925. (Illust.) ^ 

Valleau, W. B. The improvement of Burley tobacco plant 
varieties by selection. Tob^icco 79: 56-59. 26 Mr 1925. 

(Illust.) 

Verbeek Wolthuys, J. J. Malacocarpus ottonis (Lk. et Otto) 
Br. et Rose. Succulenta 7 : 36-37. 23 Mr. 1925. (Illust.) 

Weatherwax, P. Anomalies in maize and its relatives—II. 
Many-flowered spikelets in maize. Bull. Torrey Club 52 : 
87“"92./. 1-4. '‘Mr” 25 Ap 1925. 

Welles, C. G, Taxonomic studies on the genus Cercospora in 
the Philippine Islands. Am. Jour. Bot. 12: 195-218.T?/. 
ii~20, 25 Ap 1925, 

Whetzel, H. H., Jackson, H. S., & Mains, E. B. The com¬ 
posite life history of Puccinia podophyUi Schw. Jour. Agr. 
Res. 30 : 65-79. pL 1-4, i Ja 1925. 

Whiting, A. L., & Fred, E. B. Inoculated legumes are nitrogen¬ 
fixing factories. Wiscomsin Agr. Exp. Sta. Ext. Circ. 183: 
i""8. Mr 1925. (Illust.) 

Wilson, C. L. Illustrative material of gaps and traces in teaching 
plant anatomy. Torreya 25 : 39"“40. 22 Ap 1925. (Illust.) 

Wilson, E. H. The dogwa^ods and their great variety. House 
& Gard, 47: 78-79, 100, 102-104. Ap 1925. (IlluvSt.) 

Wilson, E. H. Fothergillas. Garden 89 : 141. 14 Mr 1925. 

(Illust.) , V, 

Wilson, G. W. xN'ative ground covers. Chiccigo north shore 
region. Bull. Gard. Club Am. 3 ; 30-33. Mr 1925. 

Wilson, P. Early spring flowers in the garden. J our. New Y ork 
Bot. Gard. 26 : 85-86. Ap 1925. 
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Wilsofl^ E« Ho The glory of the lilies. House & Card. 47: 66, 
67, 1.16, 118, 124. Je 1925. (lllust.) 

Wilson, E. H. The lilies of eastern Asia, a iiionograph. i-^ito. 
pL i-j6 , frontispiece. London, 1925. 

Wilson, E. H. Honeysuckles in bush and vine. House & Card. 
47: 90-91, 114, 116. My 1925. (lllust.) 

Wilson, P. Spring flowers in the botanical garden. Jour. N. Y. 
Bot. Garcl. 26 : 114-115. My 1925. 

Wolfson, A. M. Studies on aberrant forms of Spkaerocarpos 
DonnelUi. Am. Jour. Bot. 12: 319-326. /. 1-3 + pi. 32, 33. 

15 Je 1925- 

Woodard, J. F actors influencing the distribution of tree v'ege- 
lation ill Champaign county, Illinois. Ecology 6: 150-156. 
‘‘Ap” 12 My 1925. ■ 

Wollenweber, H. W., & Reinking, O. A, Aliquot Fusaria 
tropicalia nova vel revisa. Phytopathology IS: I55~'i69. 
Mr 1925. 

10 species and 4 varieties described as new. 

Wood, E, A. Wild flowers of northern New York. Flow. Grow. 
12: 173-174. Ap 1925. 

Wyatt, F. A., & Newton, J. D. Legume inoculation. Univ. 
Alberta Ext. Circ. 4: i-ii. F 1925. 

youngken, H. W. The anatomy and botanical position of luire. 
Jour. Am. Pharm. Assoc. 14: 195-200. Mr 1925. (lllust.) 

A Bolivian species of Brunfelsia. 

Youngken, H. W. Tlie drugs of the Nortli American Indians— 
II. Am. Jour. Pharm. 97 : 158-185:257-271. Mr, Ap 1925. 
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A taxonomic study of Hymenophytum^ 

Alexander W. Evans 
(with nineteen text figures) 

The genTis as originally defined by Duniortier 

(under the name ''Hymenophyton''),^ included two Australasian 
species: iJ. fiahellatum (Labill.) Dumort., based on Jtmger- 
mannia flabeMata Labill., and H. Ilymenophyllmn (Hook.) 
Dumort,, based on J. Hymenophyllum Hook, The generic 
characters emphasized were the following: a bilabiate involucre, 
a pseudoperianth lobed and toothed at the mouth, and terminal 
elaters persistent on the valves of the capsule. All three char¬ 
acters apply to the first species but not to the second, which 
lacks a pseiidoperianth completely and develops deciduous 
elaters only. In 1846, eleven years after Dumortier^s. work, 
the authors of the Synopsis Hepaticarum included both species 
in the gomi^ Symphyogyna, proposed in 1836 by Montagne and 
Nees von Eseiibeck. In this genus the absence of a pseudo- 
perianth has. always been insisted upon as an important character. 
Oii 'the basis'of this feature 5 * Hymenophyllum (Hook.) Mont. & 
Nees is clearly a member of the genus, hut S. flabedlata (Labill.) 
Mont., which has a'''pseudoperianth,;.ought' not to have; been 
referred to it. 

In 1861, Gottsche® pointed out the'impossibility of retaining 
S. flabellata in SympJtyogyna and proposed the new genus 
Umbractiltmi for its reception.'' This genus is obviously a synonym 
oi Jlym-enophytum, although .no-me'ntion is made of Dumortier's 
publica'tioii. Gottsclie' showed that'his U. fl^abellaUmiydiEemd 
from Symphyogyna not only in the possession;,of a pseudo-, 

^ Contribiition from the Osborn Botanical Laboratory, 

2 suj. leg ,,132^.. 

'3 Bot.' Zeit. ' 19 : 3. 1861.' ’ , " ■■ ■ , , ' 

[The ''Bulletin for November ( 52 : 409-490)'was'issued 18 December, i'925.] 

■ ; 49 I 
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perianth but also in the ventral position of the sexual organs 
and called attention to the fact that this character had been 
brought out by La Biilardiere in his original description. He 
showed further that the ventral lobe of the involucre was larger 
than the dorsal. In, a later treatment of his genus^ he included 
the following three species: U, flabellatum (Labill.) Gottsche; 
U. Muelleri Gottsche, proposed as new on the basis of Australian 
specimens collected by F. von Miiller; and U. ieptopodum 
(Hook. f. & Tayl.) Gottsche, based on Jtmgermannia leptopoda 
Hook. f. & Tayl. of New Zealand. 

In 1877, Leitgeb^ recognized the genus Umbraculum and gave 
a detailed description of U. flabellahim with numerous figures. 
He showed, among many other details, that the midrib of the 
thallus enclosed a strand of prosenchymatous cells with thick¬ 
ened walls; that the apex of an ultimate branch often lost its 
meristeniatic character and became converted into permanent 
tissue; that dorsal, ventral, and marginal slime papillae were 
present on the thallus; and that the sexual organs were borne 
on greatly reduced ventral branches, instead of being actually 
ventral in position themselves. 

In 1881 Colenso® described, under the name Metzgeria 
(Symphyogyna) rugulosa^ a New Zealand plant which he com¬ 
pared with Symphyogyna flabeUata. He stated that the two 
were essentially alike in their vegetative structure, but that they 
differed in the position of their sexual organs, these being 
ventral in his new species and, in apparent ignorance of the 
w^ork of Gottsche, dorsal in S, flabeUata. A few years later he 
spoke of his plant definitely as 5 . rugnlosa and proposed the 
following New Zealand species as new, all being characterized 
hy ventral sexual organs: S.foetida, S. longistipa, S. megalolepis^ 
S, platycalypira, and S. platystipa. He thus admitted species 
with ventral inflorescences into Symhpyogyna and apparently, 
perhaps as a result of further study, assigned a similar inflores-^ 
■to ■ S, flabeUata^ since he emphasized the close relationship 
between'this species, and the .others. ' Stephani has reduced, 5 . 
^platycalyptra to synonymy under H. flabellatum and S. platystipa 
to synonymy under 5 . leptopodaJ The remaining new species, 

y® Ann. Sci. Nat. Bot. V. 1: i8o (footnote). 1864. 

^ LTnters. Leberm. 3 : 90-102. pL 7. 1877. 

® Trans.,'New. Zealand Inst. 13:'.368. ..1881. ,. '■ 

,,,' Jour., .Linn. Soc.',Bot. 29 :'276. ■ .1892. 
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with the exception of S. megalolepis, are all represented in the 
Mitten Herbarium, but the specimens bring out the fact that 
the differential characters emphasized by Colenso are slight 
and based on variable features. In the writer’s opinion, there™ 
fore, these species are all synonyms of JJ, flahellatum^ and S, 
megalolepis should probably be placed in the same category. 

In 1889'^ Stephani revived the genus Hymenophylum but 
enlarged its scope so that it included not only the genus Umbra- 
ciilum but also the genus Podomitrium of Mitten. The latter 
at that time had a single species, P. Phyllanthus (Hook.) 
Mitt., based on Jimgermannia Phyllanthus Hook, of Australasia. 
Stephani’s definition of Hymenophytum was accepted by Schiff- 
ner,® who gave Podomdirium and Umhraculum the rank of 
sections. In Stephani’s opinion they were hardly distinct 
enough for recognition, even to this slight extent, and he contin¬ 
ued to regard them both as simple synonyms of Hymenophytams 
as shown by his treatment in the Species Hepaticariim.^® In 
1906, however, Goebeb^ made a careful study of H. flahellatum 
and iJ. Phyllanthus (Hook.) Steph. and showed that the dififer- 
ences between them "were greater than Stephani implied. He 
reached the conclusion, in fact, that they were generically 
distinct. The same conclusion has been reached by Cavers, 
who definitely accepts both Umhraculum and Podomitrium as 
genera, and also by Campbell,who accepts Podomitrium and 
retains for Gottsche’s genus the earlier name Hymenophytum. 

The thallus of Hymenophytum, in this restricted sense, 
is clearly differentiated into a prostrate, terete rhizome, liberally 
supplied with rhizoids, and an ascending or erect aerial portion 
without rhizoids (see Figs. 1-5). In the latter a cylindrical 
and wingless stipe, representing a continuation of the rhizome, 
broadens out into a flat, leaf-like expanse, limited in growth 
and usually several times dichotomous. The suecessive dichoto¬ 
mies are close together and the branches,* in their most typical 
development, form a flat circular cluster, tending to lie in a 

® Hedwigia 28 : 160. 1889. ■, 

® Engler-FrantI, Nat. Pflanzenfain. P: 54. 1893. 

Herb. Boiss.'II: i. 1900. 

Flora 96: 170-182./. 128-133. 1906. 

'■ New PhytoL Reprint 4: 68. ■I9ii.''..' , 

^^'Proc. Nat. Acad. Sci. 1: 36, ■ 1915. 
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horizontal }3lane. This condition, however, is freciiieiitly not 
realized, the cluster being often simpler, more ciineate in out¬ 
line, and lying in the same plane as the stipe. Between these 
two extremes are all possible intergradatioiis. In the flat 
portion of the thallus there is a further differentiation into a 
thickened midrib, with a strand of elongated cells, and broad 
iinistratose wings. The margins . of the latter at first bear 
scattered, two-celled slime papillae, which may leave slight 
irregularities when they disappear; otherwise the wings are 
perfectly entire. In cases where the highest development is 
attained these wings are continuous around the apex, the mid¬ 
rib gradually thinning out and coming to an end. The genus 
is further characterized by very short sexual branches, growing 
out from the ventral surface of the midrib and bearing the 
■sexual organs on what is morphologically the dorsal surface. 
The male branch, as Goebel clearly shows, has undergone 
extreme reduction. It consists of nothing more than a small, 
cushion-like protuberance, and it was only by comparing it 
with the less reduced male branch of Podomitrmm Phyllanthus 
that its true nature could be determined. The female branch 
also is strongly reduced, but less so than the male branch. The 
earlier writers, as we have seen, described the involucre as 
bilabiate, with the ventral lip larger than the dorsal. Goebel 
shows, however, that the ventral lip should be interpreted as 
the wing of the female branch, continuous around the apex, 
.as it so,often is on a vegetative branch. The involucre itself, 
therefore, is represented simply by the short dorsal lip. Im¬ 
mediately around .the archegonia, in case fertilization has taken 
place, a cylindrical pseudoperianth, toothed at the open mouth, 
makes its appearance; and within this' a massive calyptra, 
bearing' unfertilized archegonia on its surface, surrounds the 
'.developing' sporophyte.' .The valves of the m.ature capsule have 
band-iike thickenings on some of the cell walls. 

In Stephanies Species Hepaticarum the .group 'IB,which 
corresponds, with Umbracuhm, contains only two' of the three 
specieS'which Gottsche had assigned to his genus.: H. 'flabellatum 
' and H, leptopodum (Hook-T. & Tayl.) Steph.. His third'species, 
is, listed among'the synonyms of II., flabellamm^. 
In'■1,91.1 Stepbani proposed, as a', new■'species^. II.. pedicellaium 
of .'Patagonia,''based on''.specimens collected.,'by,. Skottsberg; 
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and in 1922 Pearson made another addition to the genus, H. 
furcaimn, based on specimens from New Caledonia collected 
by Compton, These four species are apparently the only ones 
now assigned to the genus in its restricted sense. 

When the characters of these species, as recorded in the 
literature, are compared- they are found to be misleading and 
unsatisfactory. Take the female branches, for example. In 
Umbraculum flabellatum Gottsche states that the ventral lip 



Figs. i™'5. Hymenophytum flabellatum (Labill.) Dumort. 

Thalli: I, with male branches, from a New Zealand specimen, Colmiso 
20^5; 2, sterile, from another New Zealand specimen, Colenso 2133; 3, with 
a female branch, from the type material of Jf. pedicdlaium; 4 and 5, with 
female branches, from Juan Fernandez specimens, SkoUsherg, AH X 2. 

of the involucre,,i, e.' the wing of the female,branch, (if GoebeFs 
interpretation, is followed), is entire,-while the dors-al„.lip',or,' 
involucre proper is daciniate-dentate; in U. he states 

that the wing of the female branch is dentate and makes no 
mention of the involucre; in U. leptopodum li^ describes the male 
plant only. Stephani, on the other hand, states that the wing of 
the female branch in H, flabellatum is spinose and the involucre 
deeply lacerate,"but that in fj. leptopodtm the -wing'is.nntire 
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and the involucre similar. On the basis of these statements 
Gottsche's U, flabellatum would correspond pretty well with 
Stephanies IL lepiopodum, while U. Muelleri would agree better 
with IL flahellakmi. 

The illustrations of II, flabellatum, of which several have been 
published, do not clear up the difficulty. In the original figure 
of Jimgermannia fl,abellata by La Billardiere the wing of the 
female branch and the involucre are entire or perhaps vaguely 
sinuate; in the somewhat later figure by Hooker^‘^ the wing 
shows an apical indentation but is otherwise entire, and the 
involucre (so far as shown) seems also to be entire; in Goebel’s 
figure^ ^ several female branches are showm and the wings vary 
from entire to very sparingly toothed or emarginate; in Cavers’ 
figure^® the wings are emarginate but otherwise entire. Step- 
hani’s owm figure of II. flabellatum in his leones Hepaticarum, 
which has never been published, shoAvs the wing Avitli numerous 
short blunt teeth and a few sharp spines, while the involucre 
is represented as irregularly lacerate. His figure of II. leptopodum 
shows a vaguely sinuate wing and an irregularly crenate in¬ 
volucre with a single slender tooth. On the whole his figures 
agree Avith his descriptions, but his figure of H. leptopodum 
agrees with most of the earlier figures of IL flabellatum. 

A careful study of the specimens of Hymenophytum in the 
Mitten Herbarium and other collections showy’s that the wings 
of the female branches are exceedingly variable. In Fig. 6, 
drawn from a specimen of S. rugulosa, the wing is much like 
that in Stephani’s drawing, except that the spines are less numer¬ 
ous. In Figs. 7 and 8, both drawn from a Tasmanian specimen 
in the Hooker Flerbarium, the wings are more nearly entire 
but'show a few'minute teeth. In Fig. 9, drawn from a New 
Zealand specimen labeled II. leptopodum, the wing is irregularly 
sinuate or perhaps vaguely and coarsely crenate. In Fig. 10, 
drawn from another New Zealand specimen, the wing is scarcely 
different from the one showm an Fig. 9, but gives a slight indica¬ 
tion of a crispate and revolute margin. The involucres in these 
various specimens were poorly preserved. So far as shown in 
the figures they are more or less lacerate with rounded to acute 

"i^Mu'sc. Exot. pL 13. 'XSiS.' ' ’ 

Flora 96:/. i90'6. 

New ThytoL; Reprint, 4:/. j j,’ ■ 1911. 
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divisions. When these various figures are compared with one 
another and with the other figures mentioned above, they clearly 
indicate that no differential characters can safely be drawn 
from the sexual branches and involucres in the species under 
consideration. 



Figs. 6"'I5, Hymenophytum flabellatxjm (Labilt.) Dumort. 

Female branches, sometimes with involucres: 6, from the type material 
of Metsgeria mgulosa; 7 and 8,, from a Tasmanian'specimen, in the Hooker 
Herbarium; 9, from a New Zealand specimen, Colenso 2035; 10,' from'another 
New Zealand specimen, Colenso 142^; ii, from the type material olM./pedi- 
cellatum; 12-14, from Juan Fernandez spo.cirm'nE, Skottsherg. All X 17* 

The characters drawn from the vegetative organs are equally 
unsatisfactory in distinguishing H, flahellatum'-itom H^.U^^ 
podum. In H, flabellatum, according to Stephani in the Species 
.Hepaticarum,. the winged portion of ''the , thallus is''repeatedly 
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diclio 1:011101!s (up to five times), the forks are close together, 
and the branch-system formed is siiborbictilar, owing to the 
fact that the ultimate branches are all of about the same length. 
In H. leptopod/mn he states that the branches formed b}^ the 
first dichotomy are longer than in II. flabellatuni^ and that the 
branch-system is more irregmlar. Such differences, however, 
are not brought out in his unpublished drawings. The branch- 
system of jFJ. Uptopodum^ as there shown, is essentially the same 
as that of If. flaheUaUmiy and the branches formed by the first 
dichotomy are not appreciably longer in one species than in the 
other. The writer's Fig. i, drawn from a New Zealand specimen 
labeled II. leptopodtim, represents a more lax branch-system 
than those shown in the figures of H. flabellatum by Goebel 
and Cavers; but the differences are without much significance 
as distinguishing characters, and Stephani himself remarks in 
connection with II. flabellaUim that the branch-system is 'diaud 
rare miilto minor et minus ramosa." In Fig. 2, drawn from a 
New Zealand plant referred as a variety to iJ. leptopodum^ a 
condition of extreme simplicity is shown. 

Another difference emphasized by Stephani relates to the 
ultimate branches. In H. flabellatum^ according to his account, 
the midrib comes to an end below the apex, but in H. leptopoium 
it is always exciirrent. His unpublished figure of H. flabellatum^ 
to be sure, does not support his description, the midribs extend¬ 
ing to the extreme tips of the branches in nearly every instance, 
and the same thing is true of many of the midribs in the figure 
by Cavers; and yet, if this distinction were actually realized 
in the plants themselves it would constitute an excellent specific 
difference., ■ Unfortunately it is not so realized, and in this con¬ 
nection Leitgeb's careful description-may be brought to' mind. 
■According'to his statements the apical.portion of an ultimate 
branch in H. flabellatum shows an indentation, as in any growing 
thalliis, but the cells at the bottom of this indentation lose their 
meristematiculiaracter and often .acquire,brownish.walls. When 
this has happened the growth of the branch has cleaidy come to 
an end, and Leitgeb notes that in such cases the midrib ends at 
some little distance from the apex. The conditions described 
''are'brought out by Fig. 17, drawn from a Tasmanian specimen 
of B.:flabellatum, and al'So by .Fig.,'i8,. drawn from a New Zealand 
■specimen labeled IT leptopodum. \ Nei'ther, figure .shows 'any'sign 
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of an apical cell. In Fig. 17 the apical iiotcli is very shallow^ 
and the cells between it and the end of the midrib are essentially 
like the neighboring alar cells, except that some of them are 
elongate in the direction of growth. The condition here repre¬ 
sented is shown in its most advanced phase by Fig. 16, drawn 
from a New Zealand specimen of H. flabellattim. Here the 
apical notch is entirely eliminated, and the cells between the 
apex and the end of the midrib show no signs whatever of dif¬ 
ferentiation. In Fig. 18, however, where the notch is deeper, 
these cells are not only elongate but are also arranged in more 
definite longitudinal rows. These three figures may be compared 
with Fig. 19, drawn from another New Zealand plant labeled 
H. leplopodiim. In this case the growth of the branch had clearly 
come to an end, but the apical cell had maintained its integrity 
and the neighboring cells had not advanced very far beyond 
a nieristematic condition. The figure is somewhat schematic, 
owing, to the fact that the apical cell is shown in optical section, 
the cells immediately covering it not being indicated. Al¬ 
though the branches of a single branch-system sometimes 
illustrate only one of the four types shown, it is not unusual 
for two or three of the types to be present. It is clear, therefox'e, 
that differences in the apical portion of the ultimate branches 
do not yield trustworthy distinctions. 

The alar cells, as described by Stephani, average only 
in diameter in H, flabellatum, while in iJ, leptopodtim they meas¬ 
ure 76 X 46]!.. According to the writer’s observations the size 
of the cells seems to be strongly influenced by environmental 
conditions, and the cells in plants labeled H, flabellatum are 
often fully as large as in plants labeled TJ. leplopodum and show 
an equally marked tendency to be longer than broad. No safe 
distinctions, therefore, can be drawn from differences in the 
size of the cells. ^ The ceils, moreover, are not so uniformly 
thick-walled as Stephani; intimates. In some cases they, are' 
thill-walled throughout and, even when thickening is apparent, 
minute trigones can often be demonstrated. 

One other statement made by Stephani in regard to iT* 
leptopodtim, may be alluded to. He says that the branches formed 
by the first ■ dichotomy are often wingless' at' the base.' , His 
unpublished'figure shows' wings on "these' branches throughout' 
their entire extent," these wings being apparently slibrt-decurre'nt 
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on the stipe, and Figs, i and 2 represent decurrent wings even 
more clearly. According to the available material, plants labeled 
JJ. leplopodum almost always show wings of this character, 
the ■ decurrent portions narrowing very gradually or more ab¬ 
ruptly as the case may be. Sometimes', however, and this is even 
more true of plants referred to H. flabellatum^ the wings are not 
decurrent on the stipe, and the wingless condition may extend 
for a variable distance above the first dichotomy. The region 




Figs. 16-19. Hymenophytum flabellatum (Labill) Duniort. 

Apices of branches, the slime papillae not shown: 16, from a New Zealand 
specimen, Michlejohn ^7* from a Tasmanian specimen in the Hookei 
Herbarium; 18, from a New Zealand specimen, Colenso 2062; 19, from anothei 
New Zealand specimen, Colenso 203$, All, X 100. 

at the junction of the two branches, where a slight protuberance 
is present, is . especially likely to'be without a wing, and no cases 
have been observed in which the wingless condition extended 
■ to the second'dichotomies. 

If, as we iiave perhaps; a right to assume, The highly differ-' 
entiated thallus oi Hymenophytum is derived from a prostrate, 
radiculose thallus, winged throughout the greater part of its 
extent, the wingless portion represents a more “advanced” 
condition than the winged portion, and the higher up the wing¬ 
less portion extends the more,', advanced the'thallus has become. 
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Goebel has shown that one of the leaf-like branches of a thallus, 
under conditions of feeble illumination and increased moisture 
in the air, can be made to continue its growth as a cylindrical 
and wingless rhizome with numerous rhizoids. In this case 
there is a marked change from one type of thallus to another. 
Variations in the environmental conditions clearly affect, in 
a somewhat similar way, the extent of the marginal wings and 
produce various types of thallus, the differences between which 
are far less marked than in the change induced by Goebel. 
A series of forms may thus result, varying from the most advanced 
condition, in which the wingless portion extends beyond the first 
dichotomy, to the most juvenile condition, in which the wings 
are long-decurrent down the stipe. It is inadvisable, of course,, 
to base specific distinctions on intergrading differences of such 
a type, and the occasional absence of a wing in the neighborhood 
of the first dichotomy has little significance from a taxonomic 
standpoint. 

From the evidence brought forward the writer feels justified 
in regarding JJ. leptopoduni as a simple synonym of H. fiabellatum. 
Apparently Rodway reached the same conclusion in 1916. 
In the second volume of his work on Tasmanian Bryophyta he 
does not include H leptopodum definitely as a species, and yet 
alludes to the fact that Stephani recognizes it.'^’' He describes 
the margin of the ‘rinvolucre’' in H. fiahellatmn as ^‘entire, 
obscurely toothed or irregularly spinous,^’ thus combining 
Stephanies characters of H. ftahellatttm and H. lepiopodtm^ 
but lie calls attention to the fact that the involucre is seldom 
entireVe-'' 

When the Species Hepaticarum appeared there was no 
recorded evidence to , show- that the range ■ of ' Ilymenophytum 
extended beyond Australasian regions. Stepliani's publication 
of JJ. pedicellatum, however, extended the known range of the 
genus into antarctic America,- According to, his--, description 
of the new species, the two branches formed by the first dichot¬ 
omy are terete, thus implying a wingless condition, and he 
uses this character to separate H pedicdlatum from iJ. leptopo- 
dum, the corresponding parts of which he now describes as 
everywhere winged. It will be remembered that he had formerly 
described them as sometimes wingless at the base. The type 

Papers & Proc. Roy. Soc, Tasmania 1916 : 17. 1916. 
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Specimen of I:L pedicellatum is in the Natural History Museum 
at Stockholm and has been kindly sent to the writer for study 
by Dr, McSller. Some of the thalli, such as the one represented 
in Fig. 3^ show the condition described by Stepliani even more 
clearly than it is shown by any of the Australasian specimens 
of H. flabellatum^ but the wdngless condition is by no means 
constant, other thalli showing narrow wings decurrent on the 
stipe and present ever^nvhere above the first dichotomy. Since 
this character is so inconstant and since the wing of the female 
branch, as shown in Bho. ii, presents no distinctive features, 
it seems advisable to include H. pedicellatum also among the 
synonyms of H, flatellatum. At the same time it must be ad¬ 
mitted that the plants of H. pedicellatum are less robust than 
those of many Australasian specimens, and that no thallus 
has been observed in which more than three dichotomies were 
present. 

Apparently Symphyogyna integerrima Steph. of Juan Fernan¬ 
dez represents still another synonym. In Stephanies figure a 
rather poorly developed thallus with only three dichotomies 
is shown, the wings being decurrent for a short distance down 
the stipe. According to the descriptions the marginal alar 
cells measure 36 X 18 (x, the submarginal 27 X 27 [x, and those 
near the midrib 45 X 27 pi. These relatively small dimensions, 
even if they were fairly constant, would not have much signifi¬ 
cance in separating the species from H, flabeUatum, unless 
supported by other differential characters of importance, and 
no such characters are brought out. The sterile type specimen 
of 5 . integerrima, collected by Skottsberg, is in the herbarium 
of the University of Upsala, and this too, has been kiiidl)^ 
sent for examination. It fully supports the conclusion drawn 
from Stephani’s descriptions and figure and shows, moreover, 
that the alar cells along the margin are by no means eonstantly 
elongate; many of them are isodiametric: and .essentially like 
the submarginal cells. In view of the complete sterility of the 
type it may have been difficult to decide, in the absence of 
other' evidence, .whether it belonged' to Hymenophytum or' tO' 
the dendroid group of Symphyogyna. Such evidence is vsupplied 
by the abundant fertile material of iJ. flahellatum, since col¬ 
lected by Skottsberg in the archipelago of Juan Fernandez, 

' and also l 3 y the .fact'that the ultimate branches, of'the-type 
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show the cliaracteristic slime papillae along the margin. So 
far as known, marginal papillae are not present in the dendroid 
species of Symphyogyna, The Juan Fernandez materia! of 
Skottsberg’s later collection is represented in Figs. 4 and 5, 
while Figs. I2'“I4 show the parts associated with the archegonia. 
It will be seen that these are essentially like the figures drawn 
from, the Tasmanian and New Zealand specimens. In Fig. 14 
the wings of a complex female branch are illustrated; it consisted 
of several coalescent lobes, almost free from one another down 
to the base and perhaps representing the union of two or more 
branches. Such anomalous structures are occasionally present 
in material from other sources. 

In proposing FI. fiircatum as a new species Pearson compared 
it with IF. flabellakim but stated that it was a much larger 
plant, that the thalli had fewer segments, that the branch- 
system formed was not fiabelliform, that the alar cells were larger 
and that their walls were thin and destitute of trigones. In 
II. flabellatum, according to his account, “the walls are some¬ 
what thick with distinct trigones.” His measurements for 

H. fiircatum are as follows: stems 2.5-3.8 cm. long; segments 

I, 25-2 mm. wide; alar cells 75 X 50g. It will be seen at once 
that his distinctions are based on variable features. The sterile 
type material oi II. furcatum is depOvsited in the British Museum 
of Natural History, and the writer has had the privilege of 
studying two of the thalli. So far as these show, there is nothing 
definite to; divStinguish the New 'Caledonian .species .from FF. 
flahellaUm. , Some of the New Zealand specimens, in fact, are 
€onsidera,bIy larger, reaching.a length of 6 cm.,, while others show 
fewer branches.' The wide range-'of variation.in the size of 'the 
alar cells of II. flabellatum has'.already been, conime.iited upon, 
and it will be seen that ■' Pearson's''measurements agree closei.y 
with thovse given by Stephani for H, leptopodmn. The . absence 
of .trigones,.'moreover, .ca.n'not be relied upon.as'. a distinctive 
feature. ■ Even in typical Australasian material of 

these stmctii res are by no means 'Constant,■ and "they.'are'never 
large enough to be conspicuous.,.' "It seems..necessary, .therefore, 
to consiAtv'/H. furcatum another.synonym'., oirllyflahellatum.'^ ■■ 

Two:'Specimens, .of FF'j?^6rfto2^m'.'''iii "the. Mitten' Herbarium,', 
one collected .by Seemau'in .the.-. Fiji. Islands .and" .the other, by 
. "■Weir in Colombia, represent "intere'sting ■ extensions of range.' 
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The Fiji Island specimens are sterile but show marginal slime 
papillae and agree closely with Australasian material. In one 
of the tlialli studied the branches formed by the first dichotomy 
were almost wingless; in another the brancli-system was winged 
throughout. The Colombian specimen was given a manuscript 
name Mitten, but the writer can find in it no differential 
characters, and Fig. 15, representing the wing of a female branch, 
might easily have been drawn from a New Zealand plant. 

A full synonymy of the species follows: 

HYMENOPHYTUM FLABELI.ATUM (Labill.) Diimort. 

Jungermannia flahellata Labill. Nov. Holland. Spec. PL 2: 109. 
ph 254, /, I, 1806. 

Hymenophytum flabellatum Dumoi't. Recueii d’Obs. siir les 
Jung. 25, 1835. 

Jungermamtia lepiopoda Hook, f, & Tayl. Jour. Bot. 3 : 571. 
1844. 

Sympkyotyna- flahellata Mont.; Dumort d’Urville, Voy. au 
P 61 e Sud 1: 216. 1845. 

Symphyogyna leptopoda Tayl,; G. L. & N. Syn. Hep. 482. 1846, 
Umbractddim flabellatum Gottsche, Bot. Zeit. 19 : 5. 1861. 

Umbramlum Muelleri Gottsche, Ann. Sci. Nat. Bot. V. 1: 181 
(footnote). 1864. 

Umbractilum leptopodum Gottsche, loc. cit. 

^Metzgeria rugulosa Col. Trans. New Zealand Inst. 13 : 368. 1881. 
Symphyogyna megalolepis Col. Trans. New Zealand Inst. 16 : 
■ 353 - 

Syniphogyna foetida Col, op, cit. 354. 

Symphyogyna longistipa Col. op, cit, 355. 

Symphyogyna platycalyptra Col. Trans. New Zealand Inst, 19 : 
300. 1.887. , 

Symphyogyna platystipa 'Col. Trans. New Zealand Inst.. 21: 
7^* 1888. 

Hymenophytum leptopodum M6m. Herb.' Boiss., 11: 5. 

C 1900..:' 

Hymenophytum pedicellaUimKmxgl. Svenska Vet.-Akad, 

, MmdL 4:6^: 11 , f, a. 

Symphyogyna integerrima Steph. op. cit, -2, e, 
Hymenophytum furcatum Pears." Jour.' Linn., Soc., 'Bot. ,' 46 :'I9. 
' 1922.. .. 
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The preceding study is based on the examination of a series 
of specimens in the herbarium of the New York Botanical 
Garden and the Yale Herbarium, supplemented by a few addi¬ 
tional specimens from various other sources. A list of these 
specimens follows. Those designated ‘‘M.” are in the Mitten 
Herbarium belonging to the Garden; those designated '‘N. Y./’ 
ill the general Garden Herbarium; those designated "'Y.” in 
the Yale Herbarium or in the private collection of the writer. 
The stations for the species proposed by Colenso, so far as these 
have been studied, are taken from the published descriptions; 
the specimens are simply marked “New Zealand'’ in the Mitten 
Herbarium, 

Australia: Apollo Bay, Muller (M., probably a part of the 
material upon which Umbractdum Muelleri was based); Illa- 
warn, King (M.); Clarendon River, 1882, Rudder (M.). 

i'asmania: without definite localities, Gunn (M,, from the 
Hooker Herbarium); Archer (M.). The type of Jungermannia 
flabellata, which has not been seen by the writer, was collected 
on the same island. 

New Zealand: without definite localities, Hooker (M., prob¬ 
ably a part of the original material of Jungermannia leptopoda); 
Kerr (M.); Joliffe (M.); Craig (Y.); Colenso S37 (M,), 1216 
(M.), 1227 (N. Y.), 1284 m. Y.), JP2P (M.), 20J5 (N. Y., Y.), 
2062 (N. Y.), 2i2g (M.), 2x33 (M.), 2153 (N. Y.), 2162 (N. Y.); 
Otago, Lyall (M.); Point Cooper, Lyall (M.); about four miles 
south of Norsewood, Waiwapa County, 1880, Colenso (M., 
type of Memgeria rugtdosa); nea.r Mataman, Waiwapa County, 
1883, (M., type of Symphyogyna foetida); neat Norse¬ 

wood, 1883, Colenso (M., type of S. longistipa) ; same locality, 
1886, Colenso 142^ (N. Y.,'-'Y., type of.' 5 .' platycalyptra); Mt. 
Bruce, Wairarapa, 1913? Gray 41 (Y., from the herbarium of D. 
Lillie); Lake Wakatipu 1918, Micklejohn 83 (Y., from the same 
.herbarium). ' 

New' Caledonia: Mt. Canala, 1914, Compton 121 x (type'of 
JA furcatum), . 

Fiji Islands; without definite localities, (M.), 

Juan Fernandez : Masafuera,. I90'8, ' SkoUsberg 43 (Upsala 
Herbarium, type of Symphyogyna iniegerrima); Skottsberg '47 
(Upsala Herbarium, determined by Stephani as 
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sp. ”); vaxious localities on the same island, 1917, C. I. Skoits- 
berg^ 

Colombia: ''Andes Bogotenses,” Weir (M.). 

Chile: Hiiafo Island, 1908, Skottsberg 123 (Stockliolm 
Herbarium, type of Ji*. pedicellatum). 




Development of prothallium and apogamous embryo in 
Pellaea glabella Mettenius* 

F. L. Pickett and Mildred E. Manuel 
(with thirty-two figures) 

Several years ago attention was called to the clear distinction 
between Pellaea atropurparea (L.) Link and Pellaea glabella 
Mettenius.^ At that time cultural studies were undertaken 
to determine whether or not any distinction could be found 
between the gametophyte generations of these two closely 
related forms. Later a brief descriptive note was published, 
and attention was called to the apogamous nature of P. glabella} 
Within the past two years it has been possible to finish the 
morphological study, as well as to determine certain adaptive 
characteristics of this fern. 

DEVELOPMENT OF PROTHALLIUM 

In August, 1923, fronds of P. glabella were collected on the 
limestone cliffs in Monroe County, Indiana. Spores from these 
fronds were used in starting cultures on Knop’s solution and on 
soil taken fi'om the same place as the fronds. Prothallia grew 
vigorously, and as far as could be determined, normally, on the 
soil. Rather striking variations, noted below, occurred in the 
water cultures. 

The spores of P. glabella are dark brown in color, obscurely 
tetrahedral in shape, and show numerous, low, rounded, irregular 
ridges. This dark exospore is hard and brittle, breaking irregu¬ 
larly when thC' spores, germinate. ■ Sowed' on one-half' Strength' 
Kiiop’s solution at "room 'temperature, the spores show a large 
percentage of germination',in ten.':.day.s.. The swelling, spore 
bursts the exospore, protrudes through the opening and' sbow^s 
many oil' globules.' Within a day chloroplasts; begin to appear, 

, The,'pro'thallial plate may be formed by vsuccessive' divisions 
of the second cell formed, or it may result from repeated divisions 

^ Contribution No. 3 from the Department of Botany of the State College 
of Washington. 

2 Pickett, F. L. A peculiar form of Pellaea atropurpurea Link. Am. 
Fern Jour. 4 :'97-101. 1914. ', 

, Pickett, F'.. ,L.' Isa distinct species?' , Am. ,Fera 
Jour.; 7 ': 3-5. 1917. 
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of the tip cell of a protonema-like chain of 2-20 cells (figs, 4 
and I, 2^ 3, 5). It does not grow regularly and synimetrically. 
It shows no clearly distinguishable apical cell, but rather a 
group of cells equally active. Plants grown on the culture 
solution show a tendency to produce chains of cells or ribbon¬ 
like structures, 2-5 cells wide and three to four times as long, 
with the individual cells markedly elongated, before a differ¬ 
entiated meristematic group appears. Grown on soil the plate 
formation appears earlier and is quite evident within two months 
from the sowing of the spores. For a time they have a somewhat 
cordate form but become very unsymmetrical with irregular 
margins as they grow older. As shown in figs. 6~io some strik¬ 
ing forms are found. Even branched forms as shown in figs. 



Figs, 1-5 show young sporelings with characteristic forms; fig. 4 from a 
soil culture and i, 2, 3, and 5 from water cultures, X 50. 

2 and 11-15, are some cultures, Rhizoids are pro¬ 

duced freely by the ceils first formed, and on the vertical pro- 
thallia of crowded cultures they are produced on either or both 
surfaces. 

Among the hundreds of specimens examined closely, not one 
plant has been found showing indication of archegonial growth. 
Antheridia, on the other hand, are fairly common. In crowded 
cultures they seem especially abundant, growing upon dwarfed 
vertical , forms and upon larger more fully expanded.' forms. 
■Fig. 3' shows, an extreme case of two antheridia on a very small, 
filamentous' form. A few plants examined seem to have anther¬ 
idia and at the same time well-developed apogamous embryos, 
although not enough of such have been found for the careful 
examination necessary ■ to make this , sure.' ' The ' antheridia 
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found are normal in development and function. Repeatedly, 
•specimens have been observed discharging living, swimming 
sperms. 

DEVELOPMENT OF APOGAMOUS EMBRYOS 

The development of apogamous embryos in ferns lias been 
described quite fully in recent years. The fact that such develop¬ 
ment has not been described for P. glabella^ together with the 
occurrence of unique features in the case of this fern, seems 
sufficient reason for a detailed account at this time. 

About three months after the germination of spores on soil, 
the first embryos appear on prothallia about 1.2 mm. wide 
and somewhat longer. The first indication of embryo develop- 



Figs. 6 ”I0 show various typos of development up to plate formation. 
Fig. 7, X 85; others X 50. 


ment Is the appearance of a small, slightly darkened area (fig. 
16) usually just behind and continuous with the meristematic 
mass at the base of the sinus. As shown in sections cut length¬ 
wise of a prothallium and perpendicular to its surfaces, such an 
embryo is composed of a group of small, active, meristematic 
cells, continuous with the meristematic mass of the sinus, and 
extending entirely through the prothallium (figs. 17, i8, 19). 
The cells of these masses are smaller, in general, than those 
of the mature portions of the prothallium and are actively 
growing cells as indicated by their small size, new walls, slightly 
denser cytoplasm, and dividing nuclei. In no case, however, 
does it seem probable that the active tissue has developed 
from a single iiiitiaTcelL Appearance bears out the suggestion 
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that the mass has arisen through renewed activity of otherwise 
iiomial prothallial cells. This idea is further strengthened by 
the fact that later growth of the embryonic mass is brought 
about, not only through the division of the first differentiated 
cells, but through an extension of activity involving a rejuve- 
nation of contiguous prothallial cells as well (figs. 19, 20), In 
no case has evidence appeared showing even the slightest 
crushing or other injury of prothallial tissue by the growing 
embryo. It is impossible to say with certainty of marginal 
cells of the erribryo that they belong to embryo or pro thallium. 
This differentiation is carried so far that the first epidermis 
of the embryo is formed by the changed surface cells of the pro- 



Figs. Various branched forms of sporelings, X 30. 

thallium. Even more striking are the cases, occasionally found, 
where' surface prothallial cells have become changed into 
trachea-like structures as in fig. 30. 

Si^e 'rather than age seems to determine the appearance of 
embryos, inasmuch as marked uniformity in size was evident 
with prothallia'showing the first.indications of embryo develop¬ 
ment, ■ 

■Growth of the embryo,is shown both by a, lateral spread of 
.meristematic tissue and by -a ..marked thickening of the 'iiiass. 
The thickening soon becomes evident as a definite liimip or 
projection, usually on the ventral side of the prothailium. It 
soon becomes more evident through the growth about it of 
numerous multicellular, transparent hairs (figs. 25, 26). 

, In'most cases a leaf is the first.distinct sporo.phytic structure 
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produced. This grows from the sporophytic mass, usually on 
the ventral side, but sometimes on the dorsal side of the prO“ 
thalliiim, as a cylindrical process, at first pointed (fig. 26) but 
later bearing a flattened terminal body (fig. 21) resembling 
closely the orbicular or reniform juvenile sporophyte leaves 
of this fern. The second true leaf may appear on the same side 
of the protiiallium as the first, or, as is not unusual, it may appear 
on the opposite surface, as shown in figs. 22, 23. 

Ill approximately 25 per cent of the plants this leaf is pi'e- 
ceded by a horn-like process growing from the anterior portion 



Figs. i6'-20. The beginnings of apogamous embryos. Fig. 16. The 
first suggestion of embryo formation. Figs, 17-20. Vertical longitudinal 
sections through very young embryos; stippled areas show active tissue. 
Ail X 140. L, leaf; F, prothailium. 

of the embryonic tissue and extending into the sinus, as described 
and figured by''Miss Hayes, for 'P. atropurpurea^ Such 'pro-. 
jections are somewhat flattened, more densely chloropliyllous 
than the prothallial tissue, and usually develop scalariform 
vessels in their median or basal region (figs. 29, 30). 

The primary root is usually the second distinct stracture 
to appear, and it is in every way 'similar to 'primary roots 'of 
normal embryos. Other leaves and roots are produced without 
any definite order of succession, although the young sporophytes 
in general have more leaves than roots. 

Hayes, D. W. Some' .studies' O'f „ apogamy^ .in 'P.ellaea, atropurpurea 
(L.) 'Liiik., Trans. Am. M,icro.'Soc.' 53 .;'iTp-iss*'',''',1924.. 
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The liorii-like structure mentioned above is a direct out¬ 
growth of the merivStematic tissue at the base or on the side of 
the sinus, whereas the first leaf develops from the embryonic 
tissue behind the sinus (figs 29, 30). Soon after the embryonic 
tissue becomes evident, sections show a clearly differentiated 
superficial apical cell, through the divisions of which the leaf 
is formed. This cell is superficial to embryo and to the prothal- 



Figs. 21-27. Apoganious sporophytes. Fig. 21 shows two well de¬ 
veloped embryos on one prothaUium. Fig. 22 shows the first leaf from the 
dorsal surface and the second leaf from the ventral surface of the prothaUium. 
Fig. 23 shows root and first leaf from the ventral surface, but the second leaf 
from the dorsal surface. Fig. 24 shows both leaf and root from ventral 
surface. Fig. 26 shows an early stage in the development of the leaf. Fig. 
27 shows a leaf on the ventral surface, and the beginning of a root, R, on the 
dorsal surface. X8. 

Hum as well. As already mentioned, vascular elements appear 
in the rudimentary leaf sometimes seen. In such cases these 
vessels'are the, first vascular' elements to be differentiated. 
In other eases the first differentiated tissue is found near the 
base of the first true leaf. From this point, by the differentiation 
of other new tissue, the vascular elements appear in the leaf, 
and make connection with the later formed elements of stem 
and'root. 
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The first root is formed through the activities of a typical 
tetrahedral cell formed some distance in the embryo from the 



Figs. 28-32. Sections of young embryos. Fig. 28. Showing beginning 
of stem, after two leaves and root are well started. Vascular elements are 
well developed in root and first leaf. Fig. 29. The differentiation of tissue 
behind a leaf tip, and two distinct tracheal groups. Fig. 30. A surface cellr 
T, has developed thickened walls typical of tracheae. Figs, 31 and 32 show 
the well marked apical cell of root. All X 140. Li, La, first and second leaf; 
P, prothallial cells; R, root; S, stem. 

base of the first leaf (fig. 32). As is usual in normal fern embryos, 
this cell is large and very promment. It first appears as a dis- 
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tirict cell surrounded by the undifferentiated tissue mass of tlie 
embryo. Through its division a distinct root cap and vascular 
tissues are formed before the root tip emerges from the enibryoiiic 
mass (fig. 31). A second root is formed later, beginning with 
the appearance of a distinct cell in the primary meristematic 
mass of the embryo, and developing, as just described for the 
first. Later development of' these roots is in every respect 
similar to that in normal embryos. For a time differentiation 
of tissues extends in both directions from the first scalariform 
vessels formed a little way behind the root tip, until the vascular 
tissues of leaf, stem, and root are united. 

The stem develops some time after the leaf and root are 
well started. No clearly marked apical cell is present; but 
an active meristematic tissue mass, including a large part of 
the central area of the embryo, extends to a quarter near the 
first true leaf, and soon differentiates into stem tissues (fig. 28). 
The differentiation of this comparatively large mass of tissues 
makes readily possible the complete union of vascular elements 
of root, leaf and stem mentioned above. 

The growth and activity of a prothalliiim continues for 
several weeks after the appearance of an embryo. Even when 
the sporophyte shows two well developed leaves the prothallium 
may appear normally green and active. Several prothallia have 
been examined showing the beginning of more than one embr^'-o, 
and a few examples of two well developed embryos on one 
prothalliuni have been noted (fig. 21). Where more than one 
embr^^o is formed, those appearing later form near the margins 
adjacent to the sides of the sinus. 

Summary 

The prothallia of Pellaea glabella have a normal develop- 
nient' from the spore, and show the usual, reactions to growth 
conditions. 

■ The prothallia sometimes produce ■ normal' antheridia , and 
sperms, but iio archegonia, sO' sporophytes are, produced apogam*' 
,'Oiis,ly only. 

Apogamous embiyos arise through the activity of cell masses 
involving comparatively mature tissue of the prothallia. 

' L Pullman, Washington , 



On the number of chloropiasts in the cells of the 
sporophyte of Anthoceros laevis 

Atha a. Pinnick 

'In a study of the morphology of the gametophyte and 
sporophyte of Anthoceros laevis L., the writer was somewhat 
surprised to find in stained microtome sections of the sporophyte 
the presence of but one chloroplast in each cell, since in the 
literature one is given the impression that sporophyte cells 
contain regularly two chloropiasts (Campbell h8, pp. 121, 142, 
597). Inasmuch as the single chloroplast in each cell of the 
gametophyte, in all North American species, seems to be an 
organ as permanent as the nucleus, it would be natural to suppose 
that the cells of the sporophyte might contain two chloropiasts, 
one being derived from the egg and the other from the sperm 
in the form of a very small primordium. 

Hofmeister, as early as 1862, stated in regard to the number 
of chloropiasts found in the sporophyte that cells of the upper 
part of the young fruit [A. laevis L. and A. punctatus L.] contain 
without exception two chlorophyll bodies; but that in the 
inner tissue of the stem [gametophyte] the appearance of two 
chlorophyll bodies is linusual. 

Campbell (’18, p. 142) in describing the sporophyte of A, 
ftmformis and A, Pearsoni, says that there is a doubling of 
chloropiasts in the sporophyte, and specifically that ‘‘each 
epidermal cell contains two large chloropiasts like that of the 
gametophyte.** He refers also to Schimper (’85) as having 
noted that the chloropiasts double in the sporophyte of Antho¬ 
ceros, The statement of Schimper {Icc, cit, p. 21) pertains to 
A, laevis. 

The spore-mother“CelI shows regularly only one chloroplast. 
Therefore the presence of two chloropiasts in the vegetative 
cells of the sporophyte would be strange and not easily explained. 
Strasburger (’80) and Davis (*99) have traced the complete 
history, of the spore-mother-cell and its two divisions to form 'tlie, 
tetrad. Barring nuclear details, it is not at all difficult to observe 
all phases of the division of the spore-mother-cells in" the' fresh 
' 'material, since the ■ spores",mature; ■gradually' and'' ,',the' . spore-; 
'mother-cells readily■ separate,' fro'myeach other. ''' 
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In a large spore-mother-cell the chloroplast is very conspicu¬ 
ous, and is seen as a thickened mass in one side of the cell. This 
large chloroplast is yellowish green in color and contains starch 
and other granules, which'become more numerous and prominent 
with further development. The chloroplast finally elongates 
and resembles a thick crescent curved about the nucleus. As 
the chloroplast divides the two equal portions move apart but 
are connected by cytoplasmic filaments. 

The spore-mother-cell now elongates and the second division 
of the chloroplast is identical with the first. According to Davis 
(’99) both chloroplasts may be active at the same time or one 
may be in a more advanced state of fission than the other. The 
cell finally appears broader, in proportion to the length, and 
when the four chloroplasts are formed they are grouped in an 
orderly arrangement about the centrally placed nucleus. These 
chloroplasts are all formed before nuclear division occurs in the 
spore-mother-cell. After final nuclear division one nucleus 
remains in contact with each chloroplast. 

A, laevis and A. punctatus are the only two species common 
in the vicinity of Indiana University. All observations men¬ 
tioned pertain to the former species. 

Comparisons were made between chloroplasts of the game- 
tophyte and of the sporophyte. Each cell of the gametophyte 
shows one very large chloroplast with the characteristic pyrenoid 
in the center. This chloroplast is granular and somewhat globu¬ 
lar, while the contents differentiate prominently with stains. 
Hofmeister (’62) has described the chloroplasts in elongated 
cells of older shoots as being flattened and sometimes spindle- 
shaped, while they also appear flattened in the epidermis. Ob¬ 
servations seem to verify these conclusions. Hofmeister (’62, 
p. 7) also found that the chloroplasts in the interior of the sporo¬ 
phyte, are smaller than- those in the sporophyte epidermis. 
Campbell (T8), however, seems to imply that epidermal chloro¬ 
plasts are as large as in any other cell, for he compares the two 
large chloroplasts of the epidermis with those of the gametophyte 
in A . jusiformis and ^4 . Pearsoni, 

McAllister ('14) in his study of structure of the pyrenoid 
of Anihoceros finds that the sporophyte chloroplasts do not 
differ from those of the gametophyte, although they average 
'considerably- emaller.. The' writer' verified" this, conclusion; 
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moreoverj the smaller chloroplasts of the gametophyte can in 
no way be distinguished from the larger ones of the sporophyte. 
McAllister also agrees that each archesporiiini cell of A. laevis 
contains a minute chloroplast which is difficult to distinguish 
from granular cytoplasmic cell contents. 

The cells at the base of the sporophyte, adjacent to the cells 
of the gametophyte, show regularly one large chloroplast identical 
with that of the gametophyte. 

While examining preserved material the writer became 
interested in the number of chloroplasts found in the sporophyte, 
since the preparations showed only one chloroplast to each cell. 
After careful examination material was found which showed a 
very short section of^ sporophyte cells, where two chloroplasts 
seemed visible in each cell; but all surrounding cells in the same 
section had only one chloroplast in each cell. Fresh material 
was then collected and with free hand sections observations were 
continued with the result that occasionally two chloroplasts 
seemed to be visible in certain rows of cells. However, the ma¬ 
jority of cells in the same section showed only one chloroplast 
to the cell. 

It seemed reasonable to question whether certain parts of 
the sporophyte might contain two chloroplasts to a cell while 
other parts would contain only one. Since the stained microtome 
sections, in a great number of preparations, showed almost 
without exception only one chloroplast to the cell in the sporo¬ 
phyte, this conclusion was drawn: that probably the free hand 
sections of fresh material had the walls and layers of cells so 
obscured that contents of a single cell would be difficult to deter¬ 
mine exactly. As some of the oblique walls are very delicate, 
and do not show in fresh material clearly, one cannot rely upon 
free hand sections to give positive results. Fresh material was 
treated with two per cent, osmic acid and mounted in dilute 
glycerine. The results showed that if two chloroplasts were 
occasionally found it was the exception rather than the rule. 
All stages of young and mature sporophytes, were examined in 
fixed and stained sections, and the above conclusion was con¬ 
firmed. 

The writer is convinced after obtaining the above results, 
that only one chloroplast is present in the cells of the sporophyte 
otA'. laevis. Therefore it may be" possible, that sources of'error 
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due to methods of observation are responsible for the report 
of the presence of the double chloroplast in the sporopliyte of 
Antlioceros as published by Campbell (’18) and Hofmeister (’62), 
One might explain the presence of an occasional double 
chloroplast by assuming that after the chloroplast divided, the 
cells failed to divide. It seemed strange, on the one handj to 
expect two chloroplasts regularly in the vegetative cells of the 
sporophyte when only one is found in the spore-mother-celL 
But, on the other hand, the sporophyte is formed by the union 
of two cells or gametes: it therefore would seem that the sporo¬ 
phyte should have two chloroplasts, if the sperm furnishes one 
or its primordium and the egg the other. However, the egg 
does not have a fully developed chloroplast, but one merely in 
the rudimentary stage. Now it is possible that a primordium 
may be carried by the sperm, but so far as the writer has been 
able to ascertain, no statement to that effect occurs in the 
literature. 

Again if w^e make a comparison with Spirogyra, we find that 
one set of chloroplasts in this plant degenerates, just as we find 
three nuclei in the germinating zygote disintegrating and only 
one functioning. Now the nucleus is a permanent organ of a 
Spirogyra cell, yet three nuclei completely disintegrate and 
disappear. For the same reason we may logically assume that 
the chloroplast is as permanent in Anthoceros as is the nucleus. 
Therefore, if one chloroplast of Anthoceros disintegrates, leaving 
only one to a cell in the sporophyte, that does not disprove the 
theory that the chloroplast is as permanent as the nucleus. 
Indiana University ' , 
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16 : 135-140./. 14-16, ^‘Ap” 15 My 1925* 

Linfords M. B.j & Vaughan, R. E. Rootrot of peas. Wisconsin 
Coil. Agr. Ext. Serv. Circ. 188: 1-12. /. 1-4, Ap 1925. 

Lipman, C. B,, & Gordon, A. Further studies on new methods in 
the physiology and pathology of plants. Jour. Gen. Physiol. 
7 : 615-623. 20 My 1925. 

Lloyd, C» G. Mycological notes. 73: 1301-1332./. 2^03-3034, 
0 1924; 74 - 1333-1348. /. J0J5-JJJ2. Mr. 1925; 75: 
1349-1364. /. 3133-3266. Jl 1925. 

Lloyd, F. E. The mode of occurrence of tannin in the living cell. 
Jour. Am, Leather Chem. Assoc. 17 : 430-450./. 1-16. S 
1922. 

Lode wick, J. E. Growth studies in forest trees—III. Experi¬ 
ments ^Yith the dendrograph on Fraxinus americana. Bot. 
Gaz. 79 : 311-323. f. i, 2. 21 My 1925. 

Longley, A. E. Segregation of carbohydrates in maize pollen. 
.Science IL 61 : 542-543. 22 My 1925. 

Low, M. The pines of Timagami. Nat. Mag. 5 : 357-360. 
Je 1925. (Illust.) 

MaeBride, J. F. South American plants, mostly from the 
Captain Marshall Field expedition to Peru 1922 and 1923. 
Field Mus, Nat. Hist. PubL Bot. Sen 4 : 79-93. 29 Je 1925. 
Several species and combinations described as new, 

McCiintock, 'J. A. Uncongeniality, a limiting factor in the. use 
of disease resistant stock. Proc. Am. Soc. Hort. Sci. ,'21: 

, 319-320. , ‘^I924’^ 1925.' 

McGlure, A. Some observations of a plant collector on the 
; island of Hainan. Ohio' Jour. ScL 25 : 114-118. " ,19 . My 
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MacDougalj T» The arrangement and action of material in 
the plasmatic layers and cell-walls of plants. Proc. Am. 
Phil Soc. 63 : 76-93./. i, 2. 8 Au 1924. 

McDougall^ W« B. A new mushroom. Trans. Illinois Acad. 
Sci. 17 : 84. /. I. “1924” 1925. 

Marasniiiis n ucicola. 

McHarguej J, S. The occurrence of copper, manganese, zinc, 
nickel, and cobalt in soils, plants, and animals, and their 
possible function as vital factors. Jour. Agr. Res. 30 : 
193-196. 15 Ja 1925. 

Mackenzie, K. K. The genus Erysimum, Rhodora 27 : 65-67. 
'^Ap” 14 My 1925. 

Mackenzie, K. K. .Proper use of the name Leontodon, Rhodora 
27 : 47-49. '*Mr” 28 Ap 1925. 

McKinney, H. H., Webb, R. W., & Dungan, G. H. Wheat 
rosette and its control. Illinois Agr. Exp. Sta. Bull. 264: 
273-296. /. 1-8 + pi I. Ap 1925. 

McKinney, H. H. Certain aspects of the virus diseases. Phyto¬ 
pathology 15 : 189-202. Ap 1925. 

McLean, F. T., & Gilbert, B. E. Manganese as a cure for a 
chlorosis of spinach. Science IL 61 : 636-637. 19 Je 1925. 

McNair, J, B. The taxonomy and range of poison ivy. Science 
IL 61 : 589. 5 Je 1925. 

McNair, J. B. The geographical distribution in North America 
of poison ivy {Rhus toxicodendron) and allies. Am. Jour. 
Bot. 12 :. 338-350./. J. ■ I 5 je.i 925 * , 

McWhorter, F. P. Cercospora leaf spot of lettuce. .Phyto¬ 
pathology 15 : 247.' Ap 1925., 

Manning, L. E. Native flowering evergreens. Am. For.. & For. 
Life 31 : 405-406. J 1 1925. (Illust.) 

Marlatt, C. L. Plants and ; plant pests.' ■ Atlantic ' 'Mo. "'l 35 ;' 

, 775-785.Je 1925. 

' Maire, F. 'Origine bact6rienne de la go'mme des arbresiruitiers.; 

-. My 1925. ; , ; 
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Martin^ A. C* Ontogenetic study on Phylloxera caryaeseptem. 
Bot. Gaz. 79 : 297-310. pi, 22-25, 21 My 1925. 

Martin^ W« H. Plant diseases of New Jersey (fiftli instalment). 
Principles of plant disease control. New Jersey Agr, 7 ®: 10- 
II. Je 1925. (Illust.) 

MartineZj M. El arbol del Baisamo. Toluifera pereirae (Klotsch 
BailL) faiiiilia de las Leguminosas. Mexico For. 3 : 57-59. 
Mr-Ap 1925. (Illust.) 

Maxoiij W. R. Notes on American ferns—XX. Am. Fern. 
Jour. 15 : 16-19. ''Ja-Mr'’ 26 My 1925. 

Maxon, W. R. Ferns as a hobby. Natl. Geogr. Mag. 47 : 541- 
586. My 1925. (Illust.) 

Meiselj M« A bibliography of American natural history. The 
pioneer century, 1769-1865. vol. i. 1-244. New York, 1924. 

Menendez Ramos, R, Estudio sobre el mosaico de la caha. 
Revista Agr. Com. y Trab. Cuba 7 ®: 31-33. 1925. (Illust.) 

Miidferaed, J. Plantae Tessmannianae peruvianae—L Notizbl. 
Bot. Gart. Berlin 9 : 136-144. i O 1924; — 11 . Notizbl 
Bot. Gart. Berlin 9 : 260-268. 20 Mr 1925. 

Many species described as new. 

Millspaugh, C. F. Two new Euphorbias. Field Mus. Nat. 
Hist. Publ. Bot. Sen 4 : 95. 29 Je 1925. 

TiiJiymalus raphafwrrhizus and T, pencillatus [sic]. 

Mix, A. J. Antliracnose of European privet. Phytopathology 
15 : 261-272. /. 1-3, My 1925. 

Mix, A. J, Biological and cultural studies of Exoascus mirahilis. 
Phytopathology 15 : 214-222. /. /, 2. Ap 1925. 

Mix, A. J. The weather and peach leaf curl in eastern' Kansas 
in 1924, Phytopathology 15:244-245. Ap 1925. 

Mousiey, H.' Corallorrhiza macuiata and its varieties ;iii Canada. 
Canad. Field Nat. 39 :'95-96." My 1925. '■ 

■ MttnZj P. A., '& Johnston, I. M. Miscellaneous notes on plants 
of southern California—IV. Bull Torrey Club 52 : 22 1-228* 
.,;"My"^, 7 Med 925 .L:;; 

Section Hesperoselinum of Amtnoselinumr several species, and i variety 
described'as'new. 
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Munz, P. A., & Johnston, I. M. The Potentillas of southern 
California. Bull. So. California Acad. Sci. 24 : 5-25. 5 

Ap 1925. 

5 combinations and 2 varieties described as new. 

Mtimeek^ A. E. Correlation and cyclic growth in plants. Bot. 
Gaz. 79: 329-333* 21 My 1925. 

Mtirneekj A* E. The effects of fruit on vegetative growth in 
plants. Proc. Am. Soc. Hort. Sci. 21: 274-276. “1924'" 

1925. 

Murrillj W. A, Collecting around St. Augustine, Florida. 
Mycologia 17: 127” 129. i My 1925. 

Murriilj W. A. Fungi at Lynchburg, Virginia. Mycologia 17: 
183-184. '‘Ji-Au” 25 Je 1925. 

WaveZj A. La for6t equatoriale bresilienne. Bull. Soc. Roy. 
Bot. Belgique 57: 5-18./. A-E, 1-4 + pL i. ^‘1924” 1925. 

NewtoHj J. D. The relation of the salt concentration of the 
cultux*e solution to transpiration and root respiration. Sci. 
Agr. 5: 318-320. Je 1925. 

Nicholson, W. E. Notes on some New Zealand species of End- 
lania, Bryologist 28 : 17-19. pL 2, ‘^Mr” 30 My 1925. 

F. Berggrenii described as new species. 

Olitsky, P. K., & Northrop, J. A. The inoculation of tomato 
and tobacco plants with potato mosaic virus. Science 11. 
61: 544-545. 22 My 1925. 

Orton, C.Weiss, F. The-, life cycle of the rust-on fly 
poison, Chrosperma muscaetoxicum, Mycologia 17: 148- 
153- /* ^ ^7* , ‘71-Au” 25 Je 1925. , 

O'stenfeld, C» H. Some -remarks''on,-species and'chroinosomes; 
- Am.' Nat, 59:-217-218. My-Je 1925. ' 

Osterhont, W, ,J. V,, & Dorcas, 'M. J. -■ Contrasts .in the cell' sap 
of Valonias and the problem of flotation. Jour. Gen. Phys- 
-, ioL-7:'633-640./ 20 My-1925./ 

O'Verholts, L''. ,0./' Mycological notes' for-'-1923.-'', Mycologia ,17: 
/';." Jx. -i- My-1925. ■ 

Mycosphaerella smilacicola new comb. 
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Packi D, A. Dispersion of lipoids. Bot. Gaz. 79: 334-^338, 21 
My 1925^ 

Pammellj L* The extension of the Yucca moth. Science IL 
U: 4I4-4I5» ^7 Ap 1925. 

Pember, F. R.^ & McLean, F. T. Economical use of nitrogen, 
phosphorus and potassium by barley, oats and wheat in 
solution cultures. Rhode Island Agr. Exp. Sta. Bull. 199: 
1-53. /. I, 2 + pi I, 2. F 1925. 

Pemberton, C. C. Field studies of growth forms of some of the 
native trees of the environment of Victoria, B. C. Canad. 
Field Nat. 59: 96-'i05. My 1925. (Illust.) 

Perniington, L. H. Relation of weather conditions to the spread 
of white pine blister rust in the Pacific northwest- Jour. 
Agr. Res. 30: 593-607. /. 1, 2. Ap” Je 1925. 

Perkins, A. T, Regarding the possible adaptation of soy bean 
Radicicola to a specific host variety. Jour. Agr. Res. 30: 
243-244. I F 1925. 

Fetch, T. The Brazil Nut. Card. Chron. III. 77: 349. /. 
148-ISO. 23 My 1925. 

Phillips, E. H., Smith, E. H., & Smith, R. E. Fig, smut. Cali-^ 
fornia Agr. Exp. Sta. Bull, 387: 1-38. /. 1-15. Ap 1925. 

Piiger, R. Plantae Liietzelburgianae brasiiienses—V. Notizbl. 
Bot. Gart. Berlin 9: 153-156. 30 D 1924. 

Several species described as new. 

Piper, C. Y, The American species of Cafiavalia and Wendero- 
thia. Cont. U. S, Natl. Plerb. 20: 555-588. 1925. 

Many species described as new. 

Piper, C. V. Cultivated grasses of" secondary importance. 

, U. S. Dept. Agr. Farmers Bull. 1433: I-42. /. 1-38. ' F. 

,, 1925*. Vy, 

Piper, C. V. Two new species of Camvalia. Field ,Mus. Nat. 
Hist. PubL Bot. Ser. 4: 94. 29 Je 1925. 

C. eury car pa C. peruviana. 

Poole, R. F. The i-elation of soil moisture to the pox or ground 
rot disease of sweet potatoes. Phytopathology 15: 287- 

, 293./. 1-4. My 1925. 
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Potter) A. A.) & Melchers, L. E. Study of the life history and 
ecological relations of the smut of maize. Jour. Agr. Res. 
30 : 161--U73. f, I, 2 + pi. x-j. 15 Ja 1925. 

Quisumbing) E„ Stony layer in seeds of gymnosperms. Bot. 
Gaz. 79 : I2I-I95. /. 1-88 + pi. ii. .30 Ap 1925. 

Rathbun-Gravatt, A. Direct inoculation of coniferous stems 
with damping-off fungi. Jour. Agr. Res. 30 : 327-339. /. 

I, a. F’^ Ap 1925. 

Record) S* J., & Mellj C. D. Timbers of tropical America, i-xviii, 
1-610. pL j-50. New York, 1924. 

Reed, G. M., & Stanton, T* R. Relative susceptibility of selec¬ 
tions from a fulghum-Swedish select cross to the smuts of 
oats. Jour. Agr. Res. 30:375-391.':^/. 1-4. ‘'15 F” Ap 
1925. 

Reed, G. M. The inheritance of resistance of oat hybrids to 
loose smut. Mycologia 17 : 163-181. “Jl-Au** 25 Je 1925. 

Rhoads, A. S. Root rot of the grapevine in Missouri caused by 
Clitocybe tabescens (Scop.) Bres. Jour. Agr. Res. 30 : 341- 
364. pi. 1-7. “15 F’* Ap 1925. 

Richter, L. Empfindliche Kakteen. Zeit. Sukkulent. 2: 5-11. 

25 Ja 1925- 

Rigg, G. B. Some physiology of the sieve tubes of Nereocystis. 
Publ. Puget Sound Biol. Sta. 3 : 311-329. /. j + pi. J7, 
38. 15 F 1925. ' , 

Robbins, C* A. , Cladonia mateocyatha, b. new species, and some 
variations in C. Beaumontii. Rhodora 27 : 49-51 - “Mr” 
29 Ap 1925. 

Robinson, C. H. The Indiana sand dunes. ■ Flow. Grow. 12: 
225-228. Je 1925. (Illust.) 

Rolfs,'F.'M. Two important cotton diseases .and Their controL' 
Oklohoma; Agr, & Mech. 'ColL 'Ext.' Div, Circ. 208:''i-8.' 

Rosa, J« 'T., Fruiting habit and ,pollination of cantaloupe. .\Proc. 

' '; Am.'.Soc. Hort. Sci. 21: 51-57. “1924'” 1925. 
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Rosej D. & Lindegreiij C, C. Phytophthora rot of pears 
and apples. Jour. Agr, Res. 30 : 463“468. pL i, a, 

Mr” My 1925* 

Rose^ D» H.5 & Stevensj N. E. The excessive politeness of 
American botanists. Science 11 . 61 : 656-657. 26 Je 1925. 

Rose, D. H, Diseases of stone fruits on the market. U. S. 
Dept. Agr. Farmers Bull. 1435: I-I 7 - /• i'-d. S 1924. 

Rosenberg, 0 . Chromosomes and species. Am. Nat. S 9 : 
205-208. My-Je 1925. 

Rusby, H. H. Chomelia, Jacquin and Anisomeris, Presl. Bull. 
Torrey Club 52 : 137-142. /. 1-2. ‘‘Ap” 18 My 1925. 

4 species and 6 combinations described as new. 

Sackett, W. G. Crown or root rot of alfalfa. Through the 
Leaves 13:213-214. My 1925. (Illust.) 

Safford, W. E. Tbe potato of romance and of reality. Jour. 
Hered. 16 : 113-126. /. 1-6. ''Ap” 15 My 1925. 

Sando, C. E. Plant coloring matters. Jour. Am. Pharm, Assoc, 
14 : 299-307. Ap 1925. 

Sando, C. E. Anthocyanin formation in HeUanthus anmms. 
Jour. Biol. Chem. 64 : 71-74. My 1925. 

Schaffner, J. H. Additions to the catalog of Ohio vascular 
plants for 1924. Ohio Jour. Sci. 25 : 130-138. 19 My 1925. 

Schaflfner, H, Main lines of evolution in EqtiiseUm~ln 
Am. Fern Jour. 15 : 8 - 12 . '‘Ja-Mr” 26 My 1925; —II. 
Am. Fern Jour, 15 : 35-39. ph j. 30 Je 1925. 

Schertz, F. M, Some physical and chemical properties of 
xanthophyll and the preparation of the pure pigment. 
"Jour.'Agr. Res,' 30 : 575-585. /.' i. Mr” Je 1925.' ' 

Schertz, F* M. Some physical and chemical properties of carotin 
and the preparation of the pure pigment. Jour, Agr, Res. 
": 30 : 469-474. /, I, My',i925. ' 

Schmidt, D. The effect of the weight of the seed on the growth 
' of'the'.plant. New Jersey Agr. Exp.,, Sta.. 'BuH„'404,: 1-19.; 
N."; 1924. '' ' 
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Schmidt^ 0 * C. Einige neue Selaginellen aus Westindieii und 
Tahiti. Repert. Spec. Nov. Regn. Veg. 20: 155--158, 20 
O 1924. 

Including Selaginella Leonardi, S. Bracei and 5 . Setckellii spp. iiov. 

Schneider, C. A selection of American willows. Card. Chroii. 

—-Ill, 77 : 204-205; 282; 397-398; 413; 431-432. 21 Mr; 

25 Ap; 6 Je; 13 Je; 20 Je 1925. 

Schneider, C. Two uncommon plants. Garden 89 : 261. 9 

My 1925. (Illust.) 

Taxodium distichum and Erica stricta. 

Schuitz, E. S., & Folsom, D. Infection and dissemination experi- 
nients with degeneration diseases of potatoes. Observations 
in 1923. Jour. Agr, Res. 30 : 493-528. /. i + ph i-io, 
Mr” Je 1925. 

Scott, A, Cultural characteristics of certain Colletotrichum 
species. Ann. Rep. Quebec Soc. Prot. PL 16 : 123-137. pL 
1-5. “1924” F 1925. 

Sears, P, B. The natural vegetation of Ohio. 1 . A map of the 
virgin forests. Ohio Jour. Sci. 25 : 139-149. /. 1-5. 19 

My 1925- 

Seaver, F. J. The fungous flora of St. Croix. Mycologia 17 : 
1-18. pi. J. 20 Ja 1925. 

Including descriptions of two new species. 

Seaver, . The snapdragon rust. Mycologia 17 : 42-44. 
20 Ja 1925. 

Seward, A. C. Arctic vegetation past and present. Jour. Roy. 
Plort. Soc. 50 : 1-18. Ja 1925. (Illust.) 

Sharp, L. W. The factorial interpretation of sex-determination. 
La Cellule 35 : 195-235. 1925. (Illust.) 

•Sharp, X. W. Recent advances in cytology.; ■ Am. Jour. Bot. II: 
,• 610-616., - 24 D 1924. ■ ■■ 

Shear, ,e. L., Stevens,' N. E., & Wilcox, "M.: S.: ' Botryosphaeria 
and Physalospora in the eastern United States. Mycologia 
" 17 : 98-107."//. p., i-' My I925.' 
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Sliear^ C. L» The life history of the Texas root rot fiiiigiis 
Ozoni'um^ omnwormn Shear. Jour. Agr. Res. 30 : 475 ""‘ 477 ' 

/, 1, 2 + pi I. “i Mr’’ My 1925. 

Shear, C. L., & Dodge, B. O. The life history of Filacre faginea 
(Fr.) B. and Br. Jour. Agr. Res. 30 : 407--417. pL 2. 
Mr” My 1925. 

Showalter, A, M* Germination of the spores of Riccardia 
pinguis and of Pellia Fabbroniana. Bull. Torrey Club 52 : 
157, 166. /. I, 2 +pi 5. ‘‘Ap” 18 My 1925* 

Showalter, W. J., and others. The Book of wild flowers. 1-243. 
Washington, 1924. (Illust.) 

Shreve, F. Ecological aspects of the deserts of California. 
Ecolog>^ 6 : 93-103. /. 1, 2. “Ap” 12 My 1925. 

Sideris, C. P. Observations on the development of the root 
system of Allium cepa L. Am. Jour. Bot. 12: 255-258. /. i, 
28 My 1925. 

Simpson, C. T, Odd trees that do odd things. Florida Grow. 
31 : 7-8. 25 Ap 1925. (Illust.) 

Skeels, H. C. A Chinese potatobean. Glycine forkmei (Maxim.) 
J. B. Norton. Proc. Biol. Soc. Wash. 38 : 88. 26 My 1925. 

Skeels, H. C. A new Chinese peach. Amygdalus hansuensis 
(Rehder) Skeels. ,Proc.. Biol. Soc. Wash., 38 : 87., 26 My 
19 -^ 5 - 

Skeels, H. C. A new,introduction of a Chinese Torreya. Tmtiion 
fargesii (FTmch.) Skeels, Proc. Biol. Soc. Wash. 38 : 88, 
26 'My ,1925, 

SmaH, J. K. Iris Carolina, ** Carolina'Blue-flag.” Adcliso.nia 
9 : 49-50. pi 3x3, ‘VD 1924” 18 F 1925. 

.Small, J. .K* , Iris cristata. ‘ Cres.ted ,■ Dwarf-iris,. ”, Addisonia 

9 : 63-64. J20. 1924” 18 F 1925. 

Small, J. K. Iris foliosa, ' ‘'Leafy Blue-flag.’,’,, Addisonia 9,: 
■' 53 “" 54 vi^^- “D' 1924”:, 18'.F, 1925. , 

Small, J.'K. Iris hexagana, “Angle-pod Blue-flag. ” Addisonia 
/9 t 51-52, pi 314, ' 
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Smallj J. K, Iris Kimballiae. '"Miss Kimball’s Blue-flag.” 
Addisonia 9 : 59-“6o. pi. 318. 1924” 18 F 1925. 

Smalls J. K. Iris lacustris. “Lake Dwarf-iris.” Addisonia 9 : 
61-62. pi. Jig. “D 1924” 18 F 1925. 

Smalls J« K. Iris savannartim “Prairie Blue-flag.” Addisonia 
9 : 57 "- 5 S. pL JiT- “D 1924’' 18 F 1925* 

Smalls J« K* Iris versicolor. “Common Blue-flag.” Addisonia 
9 : 55-56. pi. 316. “D 1924” 18 F 1925. 

Smith, C. M« The alkaline reaction of the dew on' cotton 
plants. Science 11. 61 : 572-573. 29 Aty 1925. 

Smith, E. F. Some newer aspects of cancer research. Science 
IL 61 : 595-601. 12 Je 1925. 

Smith, E« F. "Cancer in plants and in man. Science II. 61 : 

• 419-420. 17 Ap 1925. 

Smith, G. M. Phytoplankton of the inland lakes of Wisconsin. 
Part 2. Desmidiaceae. Wise. Geol. Nat. Hist. Surv. Bull. 
$f: 1-227. /. 1-17 + pi. 32-88. 1924, 

Smith, J, F. Late-blooming violets in Connecticut. Rhodora 
27 : 51. '‘Mr” 28 Ap 1925. 

Smith, R. E. Efficiency of a self-mixing duster. Phytopathology 
, 15:235-237./.!. Ap. 1925. 

Spangler, R. ' C, Female gametophyte of Trillium- sessile. 
Bot. Gaz. 79 : ,217-221. pi. 16, 17. 30 Ap 1925. 

Standley,'':P. ': C. '''Botanical ex.ploration- in Panama and Costa 
Rica.' M'isc. /Coll. ''Smithsonian;''Inst. 77 :, 50-56. '1925. 

(Illust.)', 

■Standley, :P. C., ,New• species of: plants .from .Salvador. 'IV. 
'J(>u:r.,Wash. Acad.Pci^ 14:238-247. 4'Je'i924.' 

IncIiKling descFiptions of 19 new species in various genera, 

Standley,; P. fC, The gemxs Forchanimeria. Jour. Wash,. Acad. 
Sci. 14 :'269-272.1,9; Je ■1924.'' 

Including new species in Pofc/wmwma (2). 

Standiey,' P.' C, " Trees’ and .'shrubs .of ,''''M,exiGO ''('Pa'ssifi,o,racea'e-'' 
.Scrophulariaceae)'. ' .C.ontr. U, S., Nat.'Herb. ' 23 :,,'849-1312: 
-f.i-xxxix. " i92'4.':''- A, " 
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StaEfordj E. E« The in florescence and 'ilower-'forni in Polygomim- 
siibgeniis Persicaria. Rhodora 27 1 41-47. ^M\4r’’ 28 Ap 

1925. 

Stapf, 0» Aron-ia melanocarpa. Curt. Bot. Mag. 150: pi. 
pop2. 30 Ap 1925. 

Native of North America. 

Stapf, 0 . Begonia mankata. Curt. Bot. Mag. ISO: -pi. 
pass. 30 Ap 1925. 

Native of Mexico. 

Stapfj 0. Catnponuinesia thea. Curt. Bot. Mag. 150: pL 

9054. 30 , Ap 1925. 

Native of Brazil. 

StapfjO« Iloffmmtfiia Roezlii, Curt. Bot. Mag, ISO: pL 9025. 
15 D 1924. 

Stapfj 0. Lindniania pendtdiflora. Curt. Bot. Mag. ISO: 
pk 9029. 15 D 1924. 

Stevensj F. L.j & Plunkett, O. A. Tulip blossom blight, Illinois 
^ Agr., Exp. Sta. Bull. 265: f. 1-7. Ap 1925. 

Stevens, F.. L.,, & Manter, H. W, The .Heiiiisphaeriaceae, of 
British Guiana' and Trinidad. ' Bot. Gaz. 79: 265-*296. 
pk 1S-21. 21 My 1925. : ■ 

4 new genera, TheciopeUis, PlochmopeUidella, ScolecopeUkleila-, ScokcO'- 
peliidiuni, and many species described as new. 

Stevens, 0. A. North Dakota honey plants. Aim Bee Jour. 
6S: 209'-2 IIu My 1925. (Illiist) ■ 

Stiffler, E. G. Development of'embryo sac in Gasteria^ Cyrlath 
tMsAand VeUheimia. Bot. Gaz., 79: 207-*2 i6./.m-f 

14 , 15 . 30 Ap 1925. 

Stokdyk, E. A. Selection of sweet potatoes. Jour. Hered. 16 : 
147-15G./. Ip. "Ap” 15 My 1925. 

Stroman, G. N. The inheritance of certain chlorophyll charac¬ 
ters in maize. Genetics 9 : 493-512. /. 1 - 3 . ‘‘N 1924” 23 

Svenson, H. K. Some plants of eastern New York. Rhodora 26 : 
1924” 17 -F 1925. : 
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Sydow^ P« & H, Moiiographia Uredmearuni 4 : 353"“5I2» 31 

Jl; i-iv + 513-671- 15 N 1924. 

Sundquist^ L» Some enzymatic actions of Nereocystis hsetkeana. 
Piibl. Puget Sound Biol. Sta. 3 ; 331-336. 15 F 1925. 

TaubenliatiSj J« J. x 4 new rootrot of the sweet potato. Phyto¬ 
pathology 15 : 238-240. /. j. x 4 p 1925. 

Taylor^ R. & Pliilpy G. L. The almond in California. Cali¬ 
fornia Agr. Exp. Sta. Circ. 284: 1-57. /. i-ip. Ap 1925. 

Taylor j W. E., Report on the marine algae of the Dry Tortiigas. 
"Carnegie Inst. Wash. Year Book 23 : 206-207, D 1924. 

Tehoiis, L« R. " Some outstanding features of the plant disease 
situation in Illinois during ■ 1923. Trans., Illinois Acad. 
Sci. 17 : 88-93. ‘‘1924” 1925. 

Thacker, G. W« Wild flowers of northern .Michigan.. Flow. 
Grow. 12:234. Je 1925. 

Thomas, C. H, The New London oak. Am. For. &■ For. Life 
31 : 366-367. Je 1925. (Illust.) 

Thomas, H. E, Apple blotch in. New York State. Phytopath¬ 
ology 15 : 246-247. Ap 1925. 

Thomas, M. P, Some little known wild flowers- Flow. Grow. 
,12: 285, Jl. 1925. . 

Thone, F. Preliminary checklist--of the vascular plants of the 
lilinois.s'tate park .at'Starv^ed Rock, Laselle Couiit^N . Trans. 
Illinois i\cad. Sci.’' 17 : 10G-106. 1924”'1925. 

Tiedjens, V. A, Some physiological aspects of Asparagus 
ioJjiMnalis. Proc.,Am. Soc. Hort, Sci. 21: 129-140. . 1924” 

Toro, R* A. ' New.or noteworth^^ .Porto Rican Pyrenojnycetes. 
Mycologia 17 : 131-147. pL ly, 16. ' Jl-Au”" .25 je 1923."", 

Trtiog, .E. ' The significance, of s'oil colloids in,,relation'''to' pla'nt 
feeding and conservation of essential elements. Jour. Am. 

. ' Soc. Agrom 17 :: 280-285'.' My 1925.:,, , . . ' ' 

TJphof, '.J. C, T. /Ma'las, ht^tbas.-de’Cuba..: Revista Agrt-Co'm.' 
y ,Trab...,;Cuba 7 ®: .'5-i3.’ 1-925. -(IHus't.), , 
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Urban) A. I« Sertum antillaninii. XX. Repert. Spec. Nov. 

Regn. Veg. 20: 297-313. pi. 3-5. 20 O 1924. 

Including new species and genera fr(3m the West Indies. 

Vaupel) F. Echinocactus tetracanthus Letii- Zeit. Sukkuleiit. 2: 
48”'49. I My 1925. (Illust.) 

Vickerj) B,) & Leavenworth, C. S. Some nitrogenous (x>!i- 
stitueiits of the juice of the alfalfa plant —III. Adenine in 
alfalfa. Jour. Biol Chem. 63 : 579 ~' 5 S 3 - Ap 1925. 

Wagner, E, Echinocereus Engelmannii Lem. Zeit. Sukkulent. 
2: 37. 5 Mr 1925. (Illust.) 

Waksman, S, A., & Lomanitz, S. Contribution to the chemistry 
of decomposition of proteins and amino acids b}’' various 
groups of micro-organisms. Jour. Agr. Res, 30 : 263"-'28i:. 
/. I. I F 1925. 

Walker, J. C, Control of mycelial neck rot of onion by artificial 
curing. Jour. Agr. Res. 30 : 365-373. ph i, 2, '‘15 

■ Ap 1925. 

Walker, J. C., Lingedrea, C. C., & Badimann, F, M. , Further 
studies on the toxicity of juice extracted from succulent 
Griion scales. Jour. Agr., l^es. 30 :'175-187.i-j. “15 

Ja” Ap 1925. 

Walker, L. B*, & Andersen,- E. N. Relation, of- glycogen - to 
- .spore-ejection. .Mycologia - 17 :' '154-159. pL ' iS. ''‘Jl- 
Au” '25, Je„i925.,'- 

Waller,,-A. E. ■ Crop- ecology and the primary vegetatioiial survey. 
Ohio Jour. Sci. 25 : i-ro. 27 Ja 1925. 

Wami,,,'F; B.' Some of the factors involved in the-sexual repro-- 
duction of polymorpha. Am. Jour; Bot. 12: 

- 307 -’ 3 t 8 . pi '28-3:1. 15: Je 1925. -; 

■ Waterman, Wu. G. , '.Plant communities',-of' Glacier'.National 
. ■ Park,.'Montana. -'-.Trans..' Illinois,' Acad.- Sci't^. 17 :'.',' 2 ' 9 *- 34 . 
j. 1-4. ,'-,'‘^1924'’" 1925;'-^' ^ 

.,'''Weatherby,„ .C*: .A ,'Gaura parviflora 'Dougl. ;'va.r. kichnacarpa^: 

.'-4'ny var.,;-,;;''Rhodoral 2 . 7 ,'.:;^ ;;;'''Ja'l';'.-.'3.'M'f :.-i92'5..;^ 
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WeatherwaXj Anomalies in maize and its relatives—IIL 
Carpellody in maize. Bull. Torrey Club 52 : 167-170. /, 
j-jo. '‘Ap” 18 My 1925. 

Wester^ P« J, The food plants of the Philippines. Philipp. 
Is. Dept, Agr. & Nat. Res. Bull. 39: i-x, 1-236. /. i + pL 
1-6^. 3d ed. rev. 1925. 

Wherry, E. T. Some fern finds in Virginia. Am. Fern Jour. 15 : 
1-7. “Ja-Mr” 26 My 1925. (Illust.) 

Wlietzel, H. H, Creadon de hogares seguros en Puerto Rico. 
Rev. Agr. Puerto Rico 14 : 300-304. My 1925. 

Whetzel, H. H,, & Arthur, J. M. The gray bulb-rot of tulips 
caused by RImocionia tuliparum (Klebh.) n. comb. Cornell 
Agr. Exp. Sta. Memoir'89:1-18. /. 1-6+ pL 1-8. Mr 1925, 

Whetzel, H» H. Bibliography der Pflanzenschutzliterature. 
Phytopathology 15 : 43. '-Ja’" 17 F 1925. 

Whiting, A. L, The relation of inoculation to quality and yield 
of, peas. Jour. Am. Soc. Agron. 17 : 474-487. /. 1-4, Au 

1925- , " 

White, D» Upper Paleozoic climate as indicated by fossil 
plants, Sci. Mo. 20: 465-473. My 1925. 

Wieland, G* R» A historic fossil. Science II. 61 : 541. 22 My 

Wedge cut irom Raumeria Reichenhadiiana. 

Wiilaman, Jv J., ■ West, R/'M.. - A statistical study of the 
composition of potato, tubers., ■'Univ. Minnesota;,Stud. PL 
Sci. 5 : 211-227../. i-y.-, ;N.T924.. 

WilHams,,,M«'.M Anatomy of Cheilanthes tenuifolia, ■ Bot. Gaz. 
- 78 :'■378-396. pL 8-xo. 30 D 1924, ' 

' WilsoHs ,E» H.' ■ The flowering-dogwoods. Garden' 89 :"28,'6-288* 
2,3 My 4:925-. „(Illust.) 

Wilson, E. H. - The rliododendrons of eastern Ghina, the Bonin 
i,; and'Liukiu,,islands-.and", of. Formo-sa. '.Jour.'Arnold,-Arbor.' 
'-'I',6: -156-18,6.' ,30-'Jl"i9-25. 

- ■ R [Dunniif A.' Sasakii and R, anwheimse d,escr,ibed as-' new, species. ,, 
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WilsoBj E« H« Some Nortli American Vibiirnums. ('Airdeii 
89: 430-431. I All 1925. (Illiist.) 

Wilson^ 0 . T. Some experimental oliservatiorivS of marine algal 
successions. Ecology 6: i 9 ^ 5 - 

Wistarj J» C. The development and culture of tlie Iris. Jour. 
New York'Bot. Card. 26 : 129-131, Je 1925. 

Woilenweberj H. W., Slierbakoff, C. ReinMiig^ O* 
Joliamij H.s & Bailey, A. A. Fundamentals for taxonomic 

studies of Fusandm, Jour. Agr. Res. 30 : 833.843. /. j. 

''1 My'" Je 1925. 

Woodwortli, C« 'M* Fortuitous variation. Am. Nat. 59 : 

375-379- J!-Au 1925. 

Wnght.W.H. The nodule bacteria of soybeans:— L Bacteriology 
of strains. Soil. Sci. 20: f. i + pL J-5. An 1:925. 

Wriglit, W. H. The nodule bacteria of soyljeans:—II.Nitrogen- 
fixation experiments. Soil Sci. 20: 131-141./. x -f- pl- i- 
Au 1925. 

Wyman, L. Spanish moss. Am. For. & For. Life 31 : 471. 
Au 1925. (Illust.) 

Young, H. C., & Walton, R. C. Spray injury to. apple. Phyto¬ 
pathology IS: 405 ”* 4 I 5 - 7 - ^ ■+ pl Jl 1925- 

Zapparoii, T. ¥. , Broken seeds in maize. Jour. Hered. 16 : 259- 
262./. J4, i'5. '28 Jl 1925, 

'Zim'merleyj 'H. H. The acid tolerance range of spinadi {Spinacea 
okracea) Proc. Ain. vSoc. Hort. Sci. 21: ' ‘'1:924'' 

1925. 

Zufallj, C*„ J. ,, Growing our own xrude, drugs., Proc, Indiana 

' Acad., Sci. 34 : 277-278. ' “1924"' 1925. 
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New names and the final members of new combinations are in bold face type« 
Abies 199, 209 


Abietineae 321: 

Acisaiitliera Eoisseriana 333; glo- 
merata 332, 334; hedyotidea 333 
Aframomiim melagneta 194 
Agrirnonia 121 

Alniis 222, 223; rliombifolia 223; 
liiombifolla beniardiiia 222,223; 
ten IIifolia 223 

Animoseliiium 225; Butleri 225; gi- 
ganteiim 224, 225; occidesitale 
224, 225; Pope! 225; .section 

Hesperoseliniim 225 
AmonTLira melagiieta 194 
AmpMtoiiaa 378; llavesceiis 378 
2\:iidromeda. glaucopliylla 24 
i\iieimia 129, 130; Wrightii 129 
Aneura pinguis 157 
Anisomera 157 

Aiiisomeris, I37-I39, 141, 142; bo- 
iiviaiia 142; brachyloba 142; 
Martiaiia 141; Pohliana 138; 
polyantlia 142; Purpusii 138; 
ribesioides 142; spinosa 137, 141 
Anisomeris, Presl; Chomelia, Jacquin 
and, 137 

Anobiiim paniceum 257 
Anomalies in maize and its relatives 
—IL Many-flowered spikelets in 
maize, 27; —III. Carpellody in 
maize, 167 , 

Anthoceros 515, 516, 518; fiisiformis 
' 5 ^ 5 , 516,; laevis SISK'S 1,7;.■.Pearsoni. 

5t5r 5,i,^>;'puectatiiS:.5i5, 516 
Anthoceros la,evis, On themiimber of 
chloroplavsts ■ in the , cells ' of. the: 
sporophyte of, 515 
Aiitholithes oeningensis 22. , 

Application of Gleason's fonniila to a 
Cares: lavsiocarpa ' association, ' ait 
association of few species, 23 
A:rabis lyrata 135 

Arisaema 46,',dracontium 37, 44, 46, 
47; tripliyllum 37, 44, 46, 47 
Asclepias 2814 curassavica 259 
Aspergillus 300, 304, 306; niger 291- 
,30s 

Aspergillus niger by a,; vitamine^’ B 
preparation, Growth stimulation 
■of, 29T':, 

Aster'1.33,' I36;:acum,matus 133,' 136; 


ianthinus 136; laterifloriis 136; 
niacrophyllus 136; multiformis 136; 
paniculatus 133, 136; patulus 136; 
sagittifolius 136; sagittifolius dls- 
sitifiorus 136; salicifoliiis 136; 
Schreberi 136; tardi'l'lorus 136; 
Tradescanti 136; x’imineus 136; 
violaris 136 

Astragalus 152; allaiiaris 3,69; ain- 
pliioxys 148-150, 229; arnphioxys 
brachylobiis 152, 153; arnphioxys 
cy.melius 230; arnphioxys X Lay- 
neae 149, 150; argopliylliis 143, 
151, 229; a,rg'Ophyi!us cnicensis 
■156; argophyilus ' Martini , 156; 
aridiis, 230; arietinus 144, 145, 
233; arietinus stipularis .152; ar- 
temisiarum 143; Arthiir-Schottii 
143; Beckwithii 143; Booneanus 
369; candelarins 235, 370; cande- 
larius exigiius 232; Case! " 147; 
casta'iieaeformis 155, 230; "Cha- 
maeluce 230, 231, 233; Chaniaeluce 
pa'iiguiceiisis 229; cibarius .. 144, 
14.5, 154, 233; Cicadae 230; con- 
sect us 232, 233, 370, 371; crescent!- 
carpus 149; cuspid ocar pus 145, 
154; cyaiieiis 148,149,154; despera- 

■ tus 143; diphysus 145; dorycnioides 
143; eriocarpus 232,'233,'“235, 368; 
eurekens'is 233, 234; funereus 367; 

■ gilensis- '143; glareowsus 143, 234, 
368,'369; Gray! ,148; inflexus 369; 
intermedins, 151, 152, iodanthus, 
144, 148; iodopetahis 152* lano- 
carpus 367; Layneae 150; ,!ec- 
tulus''37t; ientiginosus 145; leuco- 

■ lobus 37.1; raarcidus i52,Mnissouri-' 

^ .ensis' 143, 145,' 154,229, 234;', mis- 

■ souriensis cuspidocarpus 'X54;; mo- 

■gollonicus 152;, mokiacensis''',.,i43,: 
153; ■, Newberry!; ■ ■ 230, 2 $ 2 '~ 2 ^S i 

Newberryi ■ .castoreus .■, 232 ;■■ New¬ 
berry i X eurekensis232,,233; New- 

' berryi Watsonianus, 37ot nudisili- 
. quus 368 ; palans 144; ,Parryi "'l43; ' 
pectinatus i48;'pephragmemisT5i, 
.'■■152; Phoenicis 152;, pubentissimus 
, ■ '143; 'Purshh" '232, '''234,'' 369,^"' 371; 

. Purshii, interior, 'gdqy.Purshii 'lee-;, 
tulus 372; Purshii'' longilobuS', 366, 
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367, 369; Pursliii X Newberryi 232; 
Purshii tinctiis 370; Purshii Wat- 
soiiiantis 232; Purshii X Watsoni- 
anus 232; Pursiiaiius X Newberryi 
234; pygmaeus 230, 231; remulcus 
152—155; remuiciis Chloridae 152. 
153; Reverchoni 143; Shortianus 
143, 149, 154; Shortianus brachy- 
lobiis 154; Shortianus minor 145, 
148, 154, 234; sutiiralis 233, 235; 
syrticoius 143; tephrodes 156, 230; 
Thompsonae 143; triqiietriis 143; 
uintensis 154; iirsiiius 143; iitahen- 
sis 368; ventosus 370; Webberi 148, 
151 

Azotobacter Cliroococcum 293 

Bacillus Coli 292; Diphtheriae 292; 
Influenzae 291. 292; Megatherium 
292; prodigiosus 292; radicicola 293; 
typhosus 292 

Barnhart, John Hendley, Eugene 
Pintard Bicknell (1859-1925) (por¬ 
trait) 119 

Bartonia paniculata 133, 135 
Bellucia 457 
Bertolonia 373 

Bicknell, Eugene Pintard (1859- 
’^925) (portrait) 1x9 
Bihai acuminata .192; sylvesttis 192 
Blakea brachyiira 458; fasciciilata 
457; latifolia 458, 459; podagrica 
459;: quadrlflora, 459 ; rostrata 

f 459 

Botrj'xhiiim 127, 129, 130; lanugi- 
nosiim 127-132; Lunaria 128, 129-; 
obliqutmi 127, 129; ramos'uni 128;' 
virginianuni 127, 128, 130 
Botrycliium laniiginosuni and its- re¬ 
lation to the problem of the fertile 
spike, 127 

Buchholz, John T. The embryogeny 
of Cephaiotaxiis Fortunei, 311 
Burmeistera 93-X03; acuminata 104; 
asdepiadea 97, 1:03,; camosa 97, 
10-2; cerasifera 98; ceratocarpa xoi, 
102; coiiiiivens' 96, 100; crispiloba 
96, 98; cyliiidrocarpa 96, 98; _gla- 
„ brata 96,' loi'glaxica 96, 98; d'ba- 
guensis ■: 102, , 104;. 'Kiilipii- 96, ,99; 
lacerata 96, loi, I02; leucocarpa 
' 96, - 9S,- 99; -longifolia ’ 95, 97;^ 
marginata 96, 97; multifiora 96, 
"100; Peniieilii 96, 100; pomifera'- 
104; resupinata 99; Sodiroana 98; 

, succulenta 96, 99; '.'syivicolaM02;-: 
tomentosula ',104; truncata"95,..97;;', 
Weberbaueri 95,'97' 

;Byrsanthes;93; Halliana '64^ ,' 


Cachrys laevigata 258, 259 
Calamagrostis canadensis 24 
Calathea cyclophora 195 
California—IV. Miscellaneous notes 
on plants of Southern, 221 
Caiiavalia gladiata 259 
Cannabis sativa 37-41, 47 
Cardamine hirsuta 135 
Carex 133; abdita 134; abscondita 
I34J crinita 24; lasiocarpa 23-25; 
laxiciilmis X abscondita 134; leti- 
corum 133, 134; mediterranea 134; 
mesochorea 134; Mitchelliana 134; 
pennsylvanica distans 134; pty- 
chocarpa 134; rosea 134; rugo- 
sperma 134; sterilis 24; striatula 
134; stricta 24; tribtiloides sanga» 
monensis 134; varia X umbellata 

134 

Carex lasiocarpa association, an as¬ 
sociation of few species; Applica¬ 
tion of Gleason’s fornnila to a, 23 
Carpellody in maize, Anomalies in 
maize and its relatives—III, 167 
Caruelina 137 
Cassia 259, 281 

Castle, Hempstead. A -revision of 
the species of Radula of the United 
States and Canada, 409 
Centronia haemantha 340; miitaMlIs 
v 838, 340; Miitisii 340 
Centropogon i, 49, 50, 59. 69, 93 » 94 » 
104; acrodentatus 20; afflnis ven- 
ezuelanus 20; aggregatus 51,, 58 

■ aiatiis 4, 12, 20; albolimbatus 51, 
■591 amplifolius' 50, 52; angiistiis 

■ .54r 74; arenat us 51, 56; aur- 
antiaciis 2, 7, 20; aiistralSs 3, 12, 
20;, Bang! 50, 52; ' barbatus' 11; 
barbatus parvifloriis 'iTbarbate!- 
lus 3, SI, 20; besierioides .51, 57; 
Brittoniarius 2, 5, 20; Brittonianus 
brevidentatus 20; Caoutchouc 2, 
7, 20; capital LIS 50,52; carpiiiofcles 
62,74; ciliatus 51,58,74;.ciiiereus 
4, 15, 20; comosw8-4, -13, 20;-con- 
-gestus 50, 52-54, 74; corniitus 49, 

■ ',50, 59; curYatws 51, 55, 74; c'lis- 
■■ - pidatus 51,56; -decemlobus 59, -61-, 

' 74;eborinus 20;'ell!pttciis 3, 8, 20;,. 
erianthus 5, X'8, 20; erythraeus 20; 
erythranthus . 62; exasperatus 20.; 
Featherstonei'5,17-, 20; ferrugiii- 
' ms 3,11, '20;' ferrug'ineus parvi-, 
floras IT; fioccosus20;' foliosus4,12,' 
I3,'20;fu!vus2,-7, 20; gamosepalus' 

' - 50,5 1 ; gesneraefo-rmis 50-,53i54; 

- -■ nerioides.so,-53, 54,-'74; glabratus 
. 1017 glaucus,-98'; gloriosus :2:, M; 
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grandidentatiis 12; graiididentatus 
australis 12; grandis 50, 52, 57; 
grisees 62, 74; Hartwegi 2, 6, 20; 
hirsiitiis 4, 14, 20; hirtiflorus 20; 
Hitciicockii 63, 74; iiitonsiis 3, 
9, 20; Jaliiili 3, 1O5 20; Karstenii 
20; ianceoiatiis 3, 10, 20; lati- 
sepaliis 2, 6, 20; leocopliylius 61, 
62. 74; licayeiisis 4, 16,^20; Lin- 
deniaiius 4, 15, 20; longifoliiis 3, 
9, 20; longipes 99; luteus 7; Mac- 
bridei 5, 13, 18, 20; niacrocarpus 
20; magnificus 2, 5, 20; Mandonis 
2s 5, 20; iiervosiis 4. 13, 20; 
nutans 49; oblongus 59; occuitus 
4, 16, 20; parviiius 51, 56, 74; 
pediceliaris 51, 57, 58, 74; pedicel- 
laris gallerensis 58; perlongus 5, 
19, 20; pichincheiisis 5, 18, 20; 
Planclioiiis 49, 51, 59; Preslii 4, 17, 
20;. prostratiis 51, 59; Purdleaniis 
60, 74; roseus 50, 51; rubiginosiis 
20; rubrosepalus loi; rufus 3, 8, 
20; salviaeformis 4, 13, 20; ser- 
ratus 51, 54, 74; Sodiroanus 64; 
solanifoliiis 51, 59; speciosus 49, 
5L 58; subcordatus 4, 12, 20; sub- 
eriantluis 4, 13, 20; surinamensis 
49; undiiavensis 2, 6, 20; verbasci- 
folius 5, 13, 1.8, 20; Weberbaueri 3, 
8, 20; yiiiigasensis 49, 50 
Centropogon, group Amplifolii, 49; 

^ group Axiilares, 59 ' 

Centropogon, The stellate-tomentose 
species of,, I 

Cepalotaxus 311, 312, 313, 314, 316, 
318,, 31:9, 320, 32X, 323; drupacea 
_, 3I3; Fortiinei 311-323 ■ 
Cephalotaxus ■Fortunei, The embry- 
, ogeny of,. 311 ,■ 

Ghaetochloa geniculata' 133; imberbis 

133," ■ ■ ■ ■ 

.Chamaedaphne.calyculata, 24 
Chamber with tlierinostatia control 
and rotating table foryplant .cuF 
'tiires, 389 . ' 

Chloroplasts in. the cells of the sporo- 
',;"phyte of' Anthoceros laevis,-On' the, 
nurabe,r'of,,'5i5 . 

■ChomeUa '137-139,'' 142; angustifolia 
'i424A:msomeris 141; boli’V'iana. 142 -;' 
tbrachyloba, 139, 142; brevicomu 
'i39t 141';," dimorplia T40; longi- 
' caii'data',T39, 140',:'142;'^ Mart Jana 
141; ■ miiltiflora, 141;, obtusa. 141; 

■ „ Pohliana ■, 138, • pol^^antha', 142; 
;Piirpiim,i38;"ribesioides 138,: 142-'; 

' spinosa i37,T38;tenuiflora^i38, 
Chomelia,Jacquin and' Anisomeris,. 


Chrysanthemum leucanthemuni 199 
Chrysler, M. A.^, Botrychium lanu- 
ginosum and its relation to the 
problem of the fertile spike, 127 
Chr^^sopsis Breweri226, 227; Wrightii 
227 

Citrus sinensis 259 
Clidemia 457; ciliata 455; cymosa 
455; impetioiaris 455; polyandra 

378 

Coburn, He.len (see Wooliett, Edith 

23) 

Coccidiascus 249, 251-253, 280, 281, 
284; Legeri 251, 252, 257, 268, 270, 
281, 282 

Colorado, The genus Hymenopappus 
in, 105 

Contributions to the flora of Long 
Island, New York—Third paper, 
133 

Copedesma 331; iiitens 329, 331 
Corylus avellana 259 
Crataegus 469 
Crepis nana 227 

Critical consideration of Plagstrom’s 
work on Potamogeton, A, 461 
Ci'itoniopsis 191; Lindenii 191 
Crotalaria 281; juncea 259; retusa 259 
Cryptococcus Aiiobii 257; farcimino- 
sus 257 

Cryptomeria japonica 210 
Cuscuta 133; compacta 135; Coryli 
135; Gronovii latifolia 135; Gro- 
novii vulgivaga 135 
Cycas revoluta 130 
Cystium 144, 145; diphysum 144 

Datura 40; Stramonium 40 
Dean, Doris, (see Wooliett, •'Edith, 

23) , 

De'baryo,myces, globosLis 269, 270; ty- 
rocola 269, 270 

Development of pro thallium and 

■ apogaino.us embryo,/inPeilaea 
../■glabella Mettenius, 507 
Dichaetandra 333 

Diolena ' 373;, agrimo'nioi'des ■ '375; 

: laii,ceolata' 374, 375; piieoides 375 
Dioscorea, i8i';', dodecaiieura' ■ ''184; 
lanosa 181, 182; .megacarpa 184; 

■ oblonga '"182;,,'' pilosi'uscu'la' 182; 
piperi,foIia "i83,;',''pol'ygdnoideS' '182, 

■, .183; tricliajitliera^i82';',':trifi,da 184; 
.. ■'truncata'i'84 ■'( 

Diplarpea 373 

..Doiichos, Lablab 259,28,1'''' 
Drymocallis' ."agrimonioides' ■ '133,^ ' 
Dulichium' arundinaceum 24' ■■ 
■Dupatya'Karstenii xg$; ,pilosa'',195; 
', Roraimae '195 
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Effect of wounds upon the rotation of 
tlie protoplasm iii the intcniodes of 
Nitella, The, 351 

Eieocharis acuniinata 24; palustris 24 
Elodea 361 

Embryogeiiy of CephaiotaxuvS For- 
turiei, The, 31.i 

Endomyces albicans 256; capstiiaris 
253, 2S3; fibuliger 2S3; javanensis 
252, 283; Magnusii 283 - 
Ephedra 211 

Epiiobiiim angustifolium 46S; lati- 
foliom 468 

Epi pact is pa!iis tr is 199 
Eremascus fertills 2S3 
Ereinotheciiim 252, 2S0, 281; Cym- 
balariae 250, 252, 258, 259 
Eriophoriim cailithrix' 24; viridi- 
carinatiim 24 

Ernestia 330, 332; cordifolia 330 ; 
glaiidiilosa 329; lata .32S, 329; 
tenella 329 

Erodium. cicutariuni 135 
Er\"sip!ie 274, 279 

Eugene Pintard Bicknell (1859-1925) 
(portrait), 119 
Eupatorium. album 136 
Evans, Alexander W. A taxonomic 
study' of Hynienopliytiim, 491 
Experiments with' various plants to 
produce change of sex in the., in¬ 
dividual, 35 , " 

Fabaceae—IV. Xylophacos, ''Notes 
on, 143; —229; -—VI, 365 
Ferguson, William C., Contribu¬ 
tions to the flora of Long Island, 
^^New York—Third paper, 133 . 
Finibristylis piiberula 133 
Flora of Long Island, New York- 
Third paper, Co'ntributions to the, 

Flora of Northern South America,— 
1.1, Studies on,the, i; —III, 49; 

■■ 93L-™V, ,181; -VI, 325; 

' -™yn, 373; “7vniv447 

Fossil species ot Hydrangea, ,A new, 

'21 ' ^ ■■ 

Fritillaria imperialis 197, 198' 

.'Genus Hymenopappiis' In . Colorado, 
.-They'105 

.Geranium' molle 135 '. 

Germinatioji' of the spores of Ric-' 
cardia pingiiis and of PelHa Fab- 
"bron.ia.na, ,1.57 ' ■' 

Geton,ia 22; oeningensis 22 ■ ■ 

: Gleason, H.' A. Studies on the ..Flora 
-of Northern South America—II,. 


i; —ILL 4Q; —JV. 93; —'\d 181; 

—Vi, 325; —VH, 373: —•447 
Gneturri 195; Cruziaiiirm .!()d; nodi- 
florun 196; paniciilatiirn '1:95 
Gnomonia crythrostom:;i 2 79 
GoLi.)STEi:N, .'BtcssiE. x\ study of 
progressive ceil plate formation., 
197 

Gossypiiun 259 
Gottschea 160 
Gratiola aurea 136 

Growth stimulation of ,.:\sperg'i{liis 
niger by a vitamine '.B preparation, 

291 

Hamosa amphioxys 150; I,.a.yneae 150 
Helian t hemimi 121 
Helmia monadelpha 1:83 
Henriettea 457 
Henriettella 457 

Hesperoselliiiiiii, section, of .Ami'iio- 

selinum 225 

Heterotrichum 377, 379; glanduiosiim 
377; macrodon 377;'octonuni 377; 
poly aiict.rii m 3 7 8; ros t'.ra 111 m. 37 8 
Hieracium vulgatiiin 136 
Hollick, Arthlr. ,A new fossil 
species of Hydrangea, 21 
Flottonia inflafa 133, 135 
FIydrangea'2,1, 22; alaskana 21, 22; 

■ Bendirei 22; Davldi 21; hortensis 
'21'; opuloides 21; q'uercifoHa 21, 22 
Plydrangea, A ne'w fossil s|:)ecie.s of, 21 
. Hymenopappus 105, ,107;. areriosus 
105-107; cinei'eus 105, 106; 'flli- 
foliiis ■ 105-107; flavescens. 106; 
luteus 105-107; macroglot'tis 107; 

' ■■ nudatus 105, 1,07; ocliroleucus .106; 
parvulus io6; polyce|:)lml'uS' 105, 
io6; .scaposus 107;' teniiifoli'iis 105, 
106, 107 

Hymenopappus in Colora.do, ' The 
genus, 105 
Hymenophyton 491 
Hymenophytmn 491-506; flabella- 
turn 491-503; 'furcatum, 495r 503, 
,504; Hymenophylliim. 491; 'iepto'-" 
podiim 494-5,01, 503, 504; pedicel- 
latum.494, 501, 502,.504, 506 
Hymeno'phytuni, A taxonomic Study 
of, 491 

Hypericum virginicurn 24 
Hypopitys insignata 122 

Ibidium vernale 135 
. Index to American' 'Botanical. Liter- 
" ature.afl,. 75, 109, I7L' '237,'341^ 
• 397 . 473 . 519 
. Indigofera, 259,''281' ■'.. 
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Inter nodes of Nitella, The efl'ect of 
wounds upon the rotation of the 
protoplasm in the, 351 
IpoiTioea Batatas 259, 260 
Iris piiniila 199; versicolor 24 
Ischnosiphoii, foliostis 194; Marti¬ 
an us 194 

Jatropha 281; iireiis 259 
Johnston, Ivan M. (see Munz, 
Philip A., 221) 

Jiincus brachycarpiis 24, 133, 135; 
canadensis 24 

JungeriTiati-tiia coinplanata 429; flabel- 
lata 491, 496, 504, 505; tlynieno- 
plp/liiim 491; leptopoda 492, 50,4; 
Phyllantlius 493 

Killlpia 456, 457; qiiadran^iilaris 
453, 456 

I.actuca lloridana 136 
Leandra 325; iiiaequalifolia 376; 
polyadena 376; purpurea 376; 
rufesc'ens 375; verticillata 376 
Lenina. 29:1; minor 293, 294, 305, 306 
l-eontodon 40 

Linaria C^nribalaria 258, 259 
Lobelia ayavacensis 65; barbata ii; 
besierioides 57; Caoutchouc 7; fer- 
ruginea 11; gigantea 65;' glabrata 
1:01; grandis 52; Jamesoniana 64;. 
nivea 64; piilverulenta 64; um-' 
be!lata 65, 66; verbascifolia 18 
Long Island, New York—Tliird paper 
Contributions to the flora of, 133 
Loreya 457 

I-oriiiseria areoata 1:30 

I.yCOperslcuin esculen turn 259 

I.ysimach,ia. terrestris 24; thyrsiflora 

24 , , , ■ 

Lythruivi'Sallcaria 8:n‘'83,,85, ■ 
I^ytl'inim SaJicaria—IL A new form 
of flower in tins species, Studies of, 

81, ■ ■ 

Mac'rocentriim'373', 

Maieia 457; 4 . ^ 

Maiw? and itsi-elatives, 'Anomalies in, 

" —41. Many-flowered spikelets in 
maize, 87; —IIL ' Carpellody'dii 
M,aize,; 167; 

.Malaoea ribesioides 142, 4'' 
Maivastruni' gabrieleiise' 223, ’224; 

orbiculatiim .224; visciduin .224,' ■ 
■Manuel,, Mildred,, E.' (see Pickett, 
F. L. 507) _ 

Marsi,lea Bendirei ,22 
Martinellius' 409; complanatus, 429'; ■ ■ 


Mecranium 457 

Aielastomataceae, New or note¬ 
worthy species of, 325, 373, 447 
Menyanthes trifoliata 24, 133, 135 
Mercurialis annua 42 
Aletzgeria rugulosa 492, 504, 505 
Miconia 322, 325, 377, 379, 380/450; 
aggregata 448; ambigxia 385; an- 
nulata 388; Beiitliamiana 377, 378; 
Beurlingii 385; Boisserlana 381; 
capitellata 448, 449, 450; caucana 
385; ciliata, 387; Cladoiiia 453; 
coelestis 451; ciiiieifolia 451; fla- 
vescens 454; floribiuida 3S7; gra¬ 
cilis 385; grandiflora 3S7; giiiaiieii- 
sis 380; hyperprasiiia .383; Ini- 
bricata 382; Ivillipli 375, 387; 
lamprarrhena 38S; Lehmannii 450: 
macrantha 3S8; macropln'lla 3S1; 
macrotis 380, 381; macrotis canes- 
ceiis 381; majalis 3S7; Mention- 
caei 384; mimica 451; niiiiuta 450, 
451; notabilis 383; paiiiciilaris 
384; peniciliata 449; Pemiellii 
448; pluniosa 381; polite 379; 
psychrophila 44S; piilYinata 3S6; 

■ racemosa 386, 387; rostrata 377, 
378; ru pi cola 383; scutate 388, 
453; Smitliii 383; stipiilaris 3S8; 

■ subalp.iiia 447; yirescens 385; 
virgiilata 386, 387; tomentosa 3S2; 
turgida 432, 453 

Microphysca 457 

Miscellaneous' notes on plants of 
Soiitliern California—I\d 221 
Momordica charantia 259 
Monochaetiim coronatimi 334, 336; 
dicranantheriim 336; Jahnni 336; 
rotoxidifoliimi 333; ..stellulatum 
335; Yillosiim 334,, 335 ' 

Monolena 373 

Monospora,bicuspidata 249-253, 256, 

■ 270, 280-282, 284; cuspidata 251 
'Morphology, and 'cytology, of Ne- 

matospoTa Phaseoli, Studies on the 
pathogenicity, 249 
Morus;43; a'lba 41743, 47; indica 43 
Mucor Mucedo 292 
M'UNZ, PhiLI'P a., & IVAN'Me JO'HN- 
■'STON. , Miscellaneous notes' ' on, 
plants, of Southern ^Galifornla-—IV 
',221,, ' , , 

Myriaspora 457 
Myrmedone 457 

.Nadsoiiia elongata 269, ■ 276;/Tulves- 

■ "cens" 269, .270' 

Nematospora 249-253,: 257'-264,,' 279/ 

■ '280, .281, 283,, 284;' CorylL250-252, 
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257-259, 261, 27O5 281, 282; Lyco- 
pcrsici 250-252, 257, 259, 261, 268, 
270, 277, 279, 281 s 282; Phaseoli 
249» 252, 253, 255, 258, 259. 261, 
262, 264, 277, 281, 282 
Nematospora Phaseoli, Studies on 
the pathogenicity, morphology, and 
cytology of, 249 

New fossil species of Plydrangea, A, 21 
Nichols, Susan P. The effect of 
wounds upon the rotation of the 
protoplasm in the internodes of 
Nitella, 351 

Nitella 351, 353, 354, 360-362 
Nitella, The effect of wounds upon 
the rotation of the protoplasm in 
the iiiternodes of, 351 
Notes on Fabaceae—IV. Xylophacos, 
143; —Vh 229; —VI, Xylophacos 
(conclusion) 365 

Notes on plants of Southern Cali¬ 
fornia—IV, Miscellaneous, 221 
Nymphaea ad vena 24 

Octomeris 377; rostrata 37S 
Oidium albicans 256, 257; lactis 292, 
297, 307 

Oospora lingualis 256 
Ornithopteris 129 

Osmuiida ^ 128; cinnamomea 130; 

Claytoniana 130; regalis 130 
Ossaea 457; diversifolia 457; grandi- 
Mia 457 

OsTERHOUT, George E. The-genus 
Hymenopappiis in Colorado, 105 

Paepalanthus Karstenii ipspRorai-' 
rnae 195 ■ 

Panicularia borealis 24 
Parasaccharomyces: Ashfordi 257 
Parnassia californica 227 
Pathogenicity, morphology, 'and cy¬ 
tology of Nematospora 'Phaseoli, 
Studies on the,,249 
Peilaea atropurpurea 507, 511; gla- 
; beila 507-514' 

Peilaea giabella .Mettenius, Develop¬ 
ment of prothalliiim and apo- 
garnous embryO'in;:'507' 

Peliia 160; epiphylla 160, '162,; Fab-. 

,'broniana. 158, 160, '166, pL 5 
Peliia. Fabbroniana, Germination of 
■' the spores of Riccardia pinguis and 

Periicilhum glaiiciini 292, 297, 307 
Penstenion, fruticiformis 226; frutici- 
' formis, ineertus" 226; heterophyllus 
' 226,; Palmeri Grinnellii 2267 Feir- 
'8oiii'225, 226' 


Phaca 143; moltissirna 369; mollis- 
sima utahensis 367; [■jygfiiaea 230, 

231 

Phaseolus liinatus 253, 259, 260; 

vulgaris 259-26 r 
Phyllactinia 274, 279 
Picea 199, 209 

Pichia membrariaefaciens 269, 2S3 
FICK.ETT, F. L., & Mil'dred 'E. 
Manuel. Development of prothab 
liiini and apogamous cn,ii)r'\a) in 
Peilaea glabella Aletteoius, 507 
PiNNicK, Atha a. On the number of 
chloropiasts in the cells of the 
sporophyte of Anthoceros laevis, 

515 

Pinus 313, 31:9, 320 
Plant cultures, Chanilxn* with flier- 
mostatic control an«,l rotating talife 
for, 389 

Poa l)uli)osa 133 

Podomitriuni 493; Pliyllantlius 4959 

494 

Podospora 279, 281 
Polygonum amplviliitnn 24; atlan- 
ticum'i35; eXvSerfum J35; prolifi- 
cum 135 

Pol^^stichum acrostichoides i:30 
Porana 22; Benjli,rei 22; oeningeiisis 
22 

Potamogeton 46-1-463, 469, 47(,), 4714 

- acutifolius 464; alpinus 463; airieri- 
canus '4.64; americanus^ .novae- 
boracensis. '464;, am|.>iifc)lius 463, 
466; amplifoliiis X illinoensk 467; 

■ Aschersonii 464; !:m|„)ie'uroldc;K 463; 

- ■ cayugensis 465; confervoides 463; 
conjiigens 465; crispus 463; cris},ius 
X praelongus 470; diniorf'ihus 4(13; 
diversifolius ' 465; eiiilvydrus 464; 
liliformivS 462; .hliforuiis borealis 
464; filifonnis f. luxurlosns 464; 
flUformis occtiletitalis 4f)44 lobosus 
463, 464; folios'us ci'iii'fon'dcuw 41.14; 
foHosus iiiagarvnsis, 464; iluilans 
464;, Friesi.i jl.64;' gTarriiitciiH 4(>4.'- 
■466;' gratnineiis X„ 

467; graiui.!'ie'us X iilim,)ensis X 
jucens'467; gramineus X perfoli* 
at us 465; ';!},etero|,)hyl!us 2^1, 4644 
'HilUi 464;' hy brief IIS 465; lllimKm- 
.'sis 463,'465, 466-468, 47'i ; iiliiioen- 
■sis f. "homophylkis' 46s,' 467; il- 
'.■'linoensis f* rosulatus 465, 466, 46;^^; 
■ illinoensis X liicens 467; illinoensis 
- X.nodosuvS, 467; illinoensis X per- 
foliatus' 467; ',interruptiis 464; ki- 
cunatUB :464,: '465; latifolius 464; 
lucens''463', 465““467, 470; lucens X 
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iiodosus 470; lucens X perfoliatiis 
470; lucens X’praelongus 470; me- 
thyensis 466; moniliformis 464; 
iTiiicroiiatiis 464; natans 463, 470; 
nodosiis 464, 466, 470; novae- 
lioracensis 464; Nuttallii 464; 
Oakesiaiiiis 463; obtusifolius 463; 
panormitaniis 462, 464; pectinatus 

462, 464; pectinatus cliffusus f. in- 
terruptiis 464; pectinatus zoster- 
aceus 464; perfoliatus 463, 465-467, 
470; polygonifoliiis 463; praelongus 

463, 470; puicher 463; piilcher f. 
amphit>iiis 465; pusillus 462-464; 
Richardson ii 463; Robbinsii 463, 
468; rotunclatus 465; rutilus 463; 
strictifoiius 463; vaginatus 464; 
Vaseyi 463; zosterifoliiis 463 

Potaiiiogeton, A critical consideration 
of Hagstrom’s work on, 461 
Potentilla paliistris 24 
lk)teranthera minor 338, 339 
Primula malacoides 294 
Protascus 252, 280, 281; subuliformis 
252 

Pseudoernestia 330 
Pterogastra divaricata 327; glabra 
326, 327 

Radula 409-445; aipestris 429; andi- 
cola 411,438-441; arctica, 415, 418; 
australis, 411, 423-426, 429, 435, 
437; Bolauderi 410, 415-418, 420, 

‘ 421; caloosicnsis 411, 433-435; 
complanata 411,,429-437, 441, 442; 
cpipliylla 441, 444, 445; llaccida 
411, 441-445; forniosa 418; Grevil- 
leana 445; Hallii 429,'431; Krausei 
429, 431,432; Langloisii. 411, 435, 
437 ? 433; Loscurii 438, 440, 441; 
LindlHU-giaiia, 432, 433;' mammosa 
445; mollis 440, 441; Notarisii'429; 
oliconica 41 ,J, ■' 426-429, 432;■ -pal-- 
7 lens 411;,, 413, 414,, 426; polyclada 
'410, 419-421; prolifera 421;'ram-. 

♦ iilina''441:;'spicata 41:5,, 417,’418; 
.stenocalyx 445; Sullivantii 410,' 
'421-42,3,'^'426,'^429; tenax 410-415,. 
4:18, 419; viridi-aurea 43B, 440, 441 ; 
voluta 440,'441 ; xalapensis 438, 440 
Radula. of,, the ,, United.' ■ States and. 

Canada, A'revision'of thC’species 
■-of, 409 

Rapatea linearis 191..; .paludosa ,191 
., Renealmia floribunda 193; ■Leh'mannii 
. /.ivi;,. occidentali.s 193,', 194'; ocjciden- ' 
■'' talis 'longipes' '193; orinocensis 193; ■ 
'■ ' ped'icellarls :',I92,, ■ 193; 'pilosa ■ ■'193:..'.' 
': .Revision .of .the.'species .of .Radula'rOf'.',' 


the United States and Canada, A, 

409 

Rhynchanthera Glazioviana 337; mi- 
crophylla 337; parviflora 337; ser- 

rulata 337 
Rhyparobius 281 

Riccardia 160, 164; pingiiis 157-160 
Riccardia pinguis and of Peilia Fab- 
broniana, Germination of the spores 
of, 157 

Ricinus communis 259 
Rubus 468 
Riippia 471 

Rusby, H. H. Chomelia, Jacquin and 
Anisomeris, Presl, 137 
Rydberg, Per Axel. Notes on 
Faliaceae—IV. Xylophacos, 143; 
—V, 229; —VI, 365 
Rynchospora cymosa 133 

Saccharomyces apiciilatus parasiticus 
257; Bayanus 269; Cerevisiae 256, 
256-267, 269, 270, 277, 283, 291, 
292; ellipsoideus 266, 267, 269; in- 
termedius 269; Linguae-pilosae 256; 
Ludwigii 266, 269, 270, 282, 283; 
parasitaris 257; pastorianus 266, 
270; subcutaneus tiimefaciens 257; 
turbidans 269; validus 269;’ Vini 
Muntzii 269; Willianus 269 
Saccharomycetes 252, 253, 280 
Saccharomycopsis guttulatus 257 
Saccolena 373; .dimorpha 373, 375 
Sagina 135; apetala 135; decumbens 
135; procumbens 135 
St. John, Harold. A critical con- 
sicleration of Hagstroin’s work on 
Potamogeton, 461 

vSalix amygdaioides 41; 0 rest era 227; 

. . pedicellaris 23, 24; sericea ,24; vi- 
minalis 135 
Sali)mga 373 
. Sanicula 121 ■ 

■'.SCHAFENER, JoHN .H.' Experi.meuts 
■' 'with 'various' plants:',to produce 
change of sex in the individual,'35 
ScHELLiNG, .N'elly Jacob.' Growth 
' ■ stimulation of' Aspergillus .niger by.' 

a vitamine B''prepa.ration', .291 
; Schizosaccharomyces' .265,■' 277,, 282; 

'' Aphalara.e calthae ,268;, formosensis. 
268;'Mellacei 26,7, ,270; bctosporus 
'■267, 268,, "270;■ pombe 267,'270'; 

santawens'is.268... ,7. 

Schwanniom.yces','.ocddenta,Iis '2'70.','.,' 

. Sciadopitys' '.' ■ 

; Scjientifi'C...paperS'Of' Mr. '.'Bicknell,.,i22', 
Scirpus atrocinctuS'24; bemardinns 
'" 221 ; nanus 134; paludosus ','i34; 'pa-.' 
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luster 211; panel florus 221, 222; 
pianifolius 134; robiistus 124, 134 
Scleria triglomerata 133 
Sclerotinia 293; cinerea 293 
Scrop'hularia 121 
Scutellaria integrifolia 135 
Senecio occideiitalis 227 
Sex in the individual, Experiments 
with various plants to produce 
change of, 35 

Sho WALTER, A, M. Germination of 
spores of Riccardia pinguis and of 
Pellia Fabbrouiana, 157 
Sibbaldia pH'ocumbens 227 
Siphanthera 339; alsiiioides 337, 338 
Sipliocampylus 49, 64, 69, 93, 94; ag- 
gregatus 58; ayavacensis 65; bar^ 
batus 9, II; Benthaniianus 69, 71; 
ccroiiatiis 72, 74; cordifoiius 69; 
cy!iridriciis 66, 68, 74; dentatiis 
69, 74; erianthus iS; fernigineus 11; 
giganteiis 66; giganteus latifolius 5; 
glabrata loi; gloriosus 5;' grandis 
52; Haliiaiiiis 64; Hartwegi 6; 
Hazeiiii 68, 74; hispidus 71; Ja- 
mesonianus 64; lanatiis 64; mega- 
iaiithus 71, 73; niveiis 64; obo- 
voideiis 71, 74; odontosepaius 70; 
Peiinellii 64,' 65, 74; pilosns 70, 
74; pubescens 71; pyriformis 72; 
radiatus 93; stellatus 67, 68, .74; 
umbellatus 65, 69; undiiavensis 6; 
yeiiosos Ti, 72, 74; verbascifolius 
^iSpvolubilis 69 

Siphocampylus niveus and two- re-' 
kited 'Species, 64 

Siphocampylus umbellatus and three 
ted species, .65 ' 

Siphocampylus vohibiiis and S. Ben- 
tlianiiaous, new species x'elated to, 
69 .... 

Sisyrinchium 121 ' 

Solanum viliosiim 135 
SoHdago. bicolor 136; hispida 136; 
riigosa 136; rugosa sphagnophila 
136; ulmifolia 136 

South America—I b Studies on the 
flora of Northern, 1; —III, 49; 
—IV, 93; —V,' 181; .—VI, 325; 
373 ; "~-'Vin/447 
Sparganiiini minimum 24 
Species of Radula of the United 
■States and Canada, A revision of 
-.the, 409 
Spirogyra„5i8 ■ 

Stephanina.;409; alpestris 430; com-, 
, .p.Ianata 430'; "flaccida 441 
-.Struthiopteris' germanica'' 136 ,' ■' 
Studies of Lythriim Salicaria— II. A 


new form of flower in this species 

Si 

Studies on the Flora of Nortf.ie.rn 
South America— 11 , i; —TLi', 49; 
—IV, 93; —V, iSi; —VI, 325; 
^ ™yil, 373 ;““VIIb 447 . 

Studies o.n the pa.thogeiiicit\', inor- 
phoiogy', and cytology^ of iN'e-.i"iiato- 
spora Phaseoli, 249 
Study of Flymienophytiun, A taxo¬ 
nomic, 491 

Study of progressive cell plate for¬ 
mation, A, 197 

Symphyogyna 491, 492, 502, 503, 
505; flabellata 491, 492, 504; foe- 
tida 492, 504, 505; Hymienophyl- 
lum 491; integerrinia 502, 504, 505; 

• leptopoda 492, 504; longistipa 492, 
504, 505; megalolepis 492, 493, 504; 
platycalyptra 492, 504, 505; platy- 
stipa, 492, 504; rugiilosa 492, 496 

Taraxacum 228; califoniicimi 227, 
228; ceratophorum 228; laevigatuni. 
40; lapponicum 228; officinale fl- 
vidium 228; viilgare 40 
Taxonomic study of Hymenophydum, 
A, 491 

Tephrosia 259, 281 

Thalictrum das\Tarpum 37; dioiciim 

35 - 37,47 
Tlieocotheus 281 

Thermostatic control and rotating 
table for plant cultures, Cliamber 
with, 389 

Tibouchina gracilis 327; lepidota 328; 
'lepidota iiitermeclia 328.; 'paleacea 
328 

Todea 12S 

Topobea altemifolia 459, 460 
Tradescantia 205 
Tragacantha Watsoniana 235 
Tkelease, Sam F, Cliamber with 
thermostatic control and rotating 
table for plant cultures, 389 
Triolena 373 

Triosteum aurantiacum '‘.33, 136 
Triticum vulgare 304 
Typha latifolia 24 

Umbraculum 491-4941 flabellatum 
■ 49 1 ,492, 495, 504 ; iep t opodu m 492, ' 

'' 495 » 5.04;.Miielleri 492, 495-, 504 ' 

ValHsneria 361 
Verbascuni 49; Thapsus i 
■^ Vernonia flex'ipappa'. 186;jucimda: 

■ ■'i'9o;,■ ''m'apirensis'' xBs; ' Peanellit- 
,■187; spinulosa i'88,::i90.;ytricho- 
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clada 1S4, 185; tricliotoma 190; 
trilectoriini 1S6 
Vibiiriiiim Weberi 22 
Vigna catjang, 259; sinensis 259, 260 
Vitis bicofor 135 

Weatherwax, Paul. Anomalies in 
maize and its relatives —IL Many- 
.'i floAvered spikelets in maize, 87; 

—^II'L Carpellody in Maize, 167 
Willia Saturniis 269, 282 
WiNGARD, S. A. Studies on the 
pathogenicity, morphology, and 
CA’tologv of Neiiiatospora Pliaseoli, 
.^ 4-9 ' 

Woodwardia angustifolia 130 
•WooLLETT, Edith, Doris Dean & 
Helen Coburn. Application _of 
Gleason’s formula to a Carex lasio- 
carpa association, an association of 
few species, 23' ' 

Xyiopiiacos ampliioxys 146, I48”i50, 
Iv54) , 155; aragailoides 146, 148- 
150; 'argeiitiiius 366, 371; argo- 
phylliis 147, 156, 234, 369; argo- 
phylitis ciiiceiisis 156; argophyllus 
Martini 156; brachyloStis 147, 
154; caiiadelariiis 365, 370, 371; 
Case! 146, 147'; Gastaneaeformis 
147,^155; GMorldae 147, 153; 
cibariiis 144, 145, 151; coccineus 
367, 372; cuspidocarptis 144, 145, 
151; cyaneiis 147^ I54» 230; 

cymboides 229, 230; eiirekensis 231, 
2335234- fmierem 365, 367; gla- 
reosiis 156, 234, 365, 368-“37 o; in- 
■'hciirvus 365, 366; inflexiis 365, 366, 


365, 369; iodaiitlius' 144; iodo- 
petalus 144, 147, 152; lagopiiius 

366, 372; lectiilus 366, 369, 371; 

ienopliyllus 152. 155; leucolobus 
365, 369, 371; fiiariaiiiis 231, 
233; mediiis 231, 232, 234; me- 
lanocaiyx, 146, 149, 150; missouri- 
ensis 154, 229, 230; niusiniensis 230, 
231; Newberr}'! 23i"234; niidi- 
siliquws 365,36S; pepliragmeniis 
147, 151, 153, 230; piiiiiceus 144, 
145; Purshii 232, 365, 366, 36S-370; 
Purshii interior 369; Purshii loiigi- 
lobus 369; Purshii tinctiis 370; 
pygmaeus 230, 231; remiilcus 147, 
153; Shortianiis 147, 151-154; 

stipLilaris 152; sebvillosus 365, 
368; tephrodes 147, 156; Tide- 
stromii 146, 147, 155; uinteiisis 
154; utahensis 365-368, 371; veil- 
tosus 36$, 370; yespertinus 229, 
230; Watsoiiianus 231-233, 235, 
370; Webber! 146, 148, 151; Zionis 
146, 148 

Xylophacos:—I. lodanthi 144; —IL 
Cyanei 144,146; —IIL Missourien- 
ses 144, 229.; —IV. .Pygma.ei'144, 
230; —V. Eriocarpi 144, 231; —VI. 
Glareosi 144, 365; —VII. Coccinei 

144. 372 

Zygosaccharomyces 26S, 277, 282; 
Barkeri 268; Vjisporus 270; Cheva- 
lieri 26S; javanicus 26S; lactis 26S; 
major 268; mandshuricus 268; 

. Nadsonia 270; Nadsonii 268; Pas- 
tori 268; priorianus 268, 269 
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